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toons ttoTm touo  axlkora &» to t o  m%h®& to be used in  
t o  |o lario& tioiu  t o y  tl&o point cat t i u t "
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© s i t l i  j i )  " f c  ftV  t h a t  " s u t f t  s a i ls .  w a rs  g-raue t o  la a k s , "  and  
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• Um' m xm ning-m fim t of f la  u a jllitry ' to .a : V
:. s in i i iB B *  i  '■’■■■■’ ' ■ V‘ :- • ' a r 4 -; '
TM m Jority of m rlu ra  ©m uiiW fr * l * r lm t l$ ®
fO te ^ tiu i Hurt mmi t ie  & u if»Jo ll m tto d  w ith  am a x to rm l 
tzioxwuM  el#3tivie* f!ms aa-i il&aysm (31) •
iwr# use! t ; , n # t«. i  4a Im i r  rc r ’: too to ts  ©Me f ly
d ircat& l a t tfcu type of M p m it  ©bt&imi.* and la  Thiels
ta#$ do safe ai ■-
ThM ia  ra ther mom ;£ul#rastli%* v
:&a w t i  a .#ltatr©i^#-.am4-woykii uattr ' ■ a
b#taa$f kt .aoBSiitfti 'tMt diaaolrad ■.©£$$$»
smrfsct# in  .-/ f l its  'is  1 a - •
' m im o ttb f  ms ming :%lm on ly■ rtftmsisa© i#-Iha effacit of tfee 
. oa, la®, p o iir lsa iio a  potential: of $ l i r t r * ■ ; f
in  maest jraf m f^ tn l m ib c m § notably
' i io B l t i l i  ani r o l l  f i i ) f i s l  If&ttsos {14} have mda
oritis»&X of th* Karins and M if-a a l i  B tth e ii#
l l o s t t l i l  and | c i i  olaim tha t for re ila fe l* msaita* itjis
■ s e d a ^ r jf  to$»
" ■ ■' ( i )  Fmp&m- t& t elaatroda* in  scza standard najv 
( 1 1 } Vm the to i f * a a i i  method#
( i l l )  Mm a a f lis ir la& l o$Il*
( I t ) t&e aiaatrolyt®  w ith nitros«n* '
i f }  Mm a wi&e r&sg# o f mtmn% 4e a s itloa f . end m s 
t i l l  tha polarisation ia  aonst;uatt , ;
- ®wy $ is9 mppot-%- tH d r oe&te&tions by expeste&ntu os a 
nottbe* o f Jaatali- wo, colutldzs** Latts©» Is  also o f tha 
Oylsios tk&t the half^oail mitlxai ia isort reliable profiled  
that tfc* 0 & p i|la ry . t ip  i© l o r t i  thrctt&h- tfe* -teak o f the 
O&tlioi#* ■•.Ha alao a cnl^na. tfea .. Earing me thod. m. \ : .,-
l$&a-3um ta i t  ote*4 daw to hold for &a: -
#l® atrol|tt .solution &s& this has M e n  s t e m  W  ho . . 
im m tm t*  ■ .B o w w , M do#s sot support hi a atalms by 
experiment. :
f tm t  o f s i I t e r  deposition* whisk k-&
rsssimd iitm & tlo M 'o ftm  a, |ta m  is -that of the doiaplex
3jv*4JLiss*.v'; " th is , in ' spit® of t*a inhem&t ttaknasa of the 
oompioxity "of the 's o lu tio n .' v ‘c^&satoi3a:' lust-Mu ■■ ; ; 
so-^crkors (13*16) hare t&gtXuod ih t  s ffs a t o f additions 
of n itra tes  and spaoatos: to the seimiion* as well as tk t  ■ 
Doro usual * t© l| ..orgaali a d lit im s *  ant Ih t f  *3 old f is t  
.rxrofcvic'ui ,»3tXui* h3t,>s«.*i tL* p’O la tisatJon a r t t f e f -  ■ 
m.tars of H i t  t t fo s it . ;  ;: fktjr t o f f  _^Xm. ussd. i,*§* ■gsstkods* 
i s  ifliiah there 1 m  ^ n j is t r a t io n  jo la r is s t io s t and 
X w tn la ts a subs, a1 *# $ f ; as •.*»•. m t i t®  eom tituent*
iromissl. sM  loot { i f }  Mira- m grout ^sny addition'
in  nn attempt: to xj i  * re the deposit* 1 r;aub. iM ' :; 
M llh o is t  {IS}- to rs  ooB iladtt t to t  s iX re r ■deposits s im ply 
iro n  a ^ a l i i  baths*- an& not t i  a acoplts whisk subsequently 
d®jo%osss*:" ir4 t |'» § rm  uni.Korrathy (It} ' here- m m im i. 
r&tlmm mixtures of s i t te r  ■ssltraii .ami ay&side* *u i . 
aonoioie that there, is' no e a ^ n tia l' t i f  ?creme between 
the two' modes, o f deposition and. that the s iX ts r ies  
diffuses up to the eathade rather t  nw k# i%  brooght up 
I f  the e lea tria  eurrc»-i* .
fk i J U ^ rt*  ju of & standard method of 
preparation of .'the s&f'MLe tea  I te a  de.r;CA3trated by m ry 
authors is  the ease of ooppeiy tu t few appear to
haf#’ao&aii^rM /this- asptrfe wifli silref*- osa exception 
' to th is  o®i V in the ease o f Yagra'oyatt ant his ■ •
a ©.workers { I l , l 2t i 0} * ■'
: T "■ -■ ISO) i© also « i  of t&© f t#  worker©
to te?® iUaafcitufcireiy "etu&led ike ©ff©<*t t f  addition 
agdnta os i t#  a#t*p» of . i t i r o r  in  s iX n ,r n itra te , and M  
©late© ilm t tte  e f fe n  v£ the c& iitU x t a »eat is  is  kiosk
fa r t  of eatkade* Tta 4a :JU u& ra  off# i t  o f * 1 1  I t  ion
taa fcsca rs r* widely & trailed* I IM  f a f t  .... . . . . .
:i*ox-»*i*y { s i j  g if#  a l i s t  of o f nr a fcosarol M i l l io n  sgtfits ,
i U u  imprest s ilv e r  defo-aite* ana, ? or*-1 lade t te t th e  fa t ly
aaits a rt tte  neat o ffes tive * ' S im ila r work kao.. keen-, ; ., 
performed fey ’IlS) and Sl&sanov, fd lte l ant lU lik  (S3)
non# of Y;koa tave, ©©asidered polarisation effects*... on tte  
otke? M i j  Ism lltr and EaM (2 4 ) tore * o iarii* \ticm,...
m m m  time. ear?#© fo r  varico? & & iaiiom %: and te n t ,....' ... -
©oneluded t&at tartarl© . a il: 'pyroraeemia aside g i f t  t te  
fees! itpos ifs^w M l#  iggreasijg  t&e po la risa tion  .'of 3 ft.
© liv e r.n itra te  ©oluiiom* \ I t  i t  a &©iew©riky. fa s t.that ;' 
t l i t  t im  fas te r tea teeu al&o&t eom plettlf in g l t s l t i  in  
t M i  f ie ld *  only Vagrarian f i t )  te f i%  allow#! M s  
&$tim iim tio ss  to m s to a a#, Man! v&J&e# . ■ ".,'■ .
: "'•'"* ! : :'¥ery l i t  11# lies teas p o r te s t l  ©1 the
addition of ’’ Ine rt* (i*e * nsicpcalt-cd) iscrgarM  satXcna to 
tto. a ilv e r n itra te  itolmiios#* and tliiis As. ©urprialx^ in  • 
visa of tke t**o ry propose! ky Htrnt (2 3 ) as l devsloped k y . 
i | i f 'a i i i l  Borden IfS) on Ike e ffee t o f tli# lo s i*  © irstg tk 
o f tli# ©elution cm. the po larisa tion* . .Ale©* v e ry .. lit t le  
attempt tea 4 1 ** „vs r whetksr the M i l  ties
agent. la. i& jluded in  tm  aaposity the <vork o f fuseja and 
terrnta ( t ? #hi3 hsi®g a itGinbio « M p  i lo i i* : -fM s wotltela 
also p m s iio a ily ■ the ©sly §sms in--whisk-glyeiiao' ' w h a -/■
(feMisoaastis asii.}. is- s§fiM©ja§i; as an a dd itio n -ageBt* ':
■ : ' . . Aa. important aa past'whisk'appears to  have k@#u
almost e n tire ly  nogissted* la  the in fluaM e of the sat M i#  
te s t on the s t ra tu m  o f t lv  s ilv e r  deposit. J h m lt mA 
t& ters a naan tha t this kiue. .3 an grea tly  o ffs e t the ■ 
.o rienta tion  o f aoppor deports* F lm h &,nd hun (2  9 )
M rs  ataown t iu t  the o rien ta tion  of -ths sathedo teso &f Vais 
the c jisM & tleA  of s i I f  «r deposits# no«eror, these la t te r ,  
wcrkars: did m i  attempt fa jo rrs ia ta  s r y s i i l  s t r n f i r t  with 
polarl* iticn* V agr >cyna {& C) has is ta ll# ! pc I a risa U m  serves 
a&ing singly crys ta l s&tt©4#o* kut Ms primary ohjost wm to 
teat his t&ecry that aorta In fajo* of a growing crystal 
ton ! to base mo pasM ratet dm# to  adsorption of orjani#
. le v a ri tlos* I n  th is sor&ejtlon, scssiders th a t ■
ite  t o  o-jurre&t d a iM iy  is  of inpcrt&njs* bEl has
« 4 #  m  estimate of. tae fmlmt ef i l l s  quantity for a 
growing single or/wtai byialjrwS *1# ©ramination taring 
tbft t l0 j t r o l ;# la *  ■ * owertr,h9 gives m  m ttod  of 
estl&atixg the trao ourrtAt ity  on. a polyerystallin# 
b& a a » ■
' I n  a ©mini ion* i t  may i t  s a il that so ©b# ssst&ot 
©f ©athad# po la risa tion  potentia ls km  found
m u iv ^ m r t  f a  fo u r #  ■ A ls o ,  th e  v & r lo u s  f a l t e r s  s f f s s U z ^
&*** -Jafaftillp mtrillei «cc& 
autfeor* &M cal&o&% mglmtM^ %j .ottgrs• la
p ii j f iA  f i l a r *  | h f  a i i t k a i t  p o la r i s a t i o n  p © t * a : l& i  o f  ■ s i t r o r  
is  aiuccmj n i i f «  sitrata *&Xutl6i& imu % + m  t® v $  l&rgoly
. inis Aoz®%xt®.%m a. naiM ;r$&a®a .for farHitr 
i it* m  tlf aamjrit faklaij ©mi It Mfl.fi %f ml ®m
mmnae fcr profarrizg t' ii I^stleirt# ill# sort 
wiitlp Aa?MUa-tM jcmplsx fjaalios# f&is t%m®n la ii#
?er^ ao^pl&xisf cf s&ik spuai&e solutions* slaas tkeir :' 
iwiiOiitioa is terra of nir pro sou is' '
fc*.iJU? proliw^Us#. lisa,it a&cuii It #ctsitr to 
|M r^mii^ refiX'ir^  offset ct Tmricx-s «&Htl&s 
i n  s o la t ia * *  g i f t #  t i f f  i u j g t  3 ^ n t  % tyn t a l i *
fl&i# tut?e^ also sewi to sliow IMI ao mno 3«mll I® ' .
mi#i at a batiia £&r farfeii-tr isfk 0s silv r ia sil?« 
ami it tlorsfvra sto&ei aifisamli la start fron liit 
MjitSinj* uni o.nmslass tlit iw# jfiLti^ al ©athemln from & feint 
of fitt .0! reprolusilllity of retails# Bmfisg 
tciMiil0fii of rfpre-iuarilility * it & hm li It possible!® ■
paottti to. an ®.ximiiimtlaffl of factors 'affsfiliif tho mtmrt of 
t i l t  deposit* i l l  s tras iu rs* aai tlm pr M ji io a  of feyl * t  
£e;csit&$ aai possible to ralat® txe&ie to tit
p o l& r l s & t i o a  pots&tl&l: of tli#
%n*'f
^ X V4'i
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?K »v C'.•’ 0" r.IO  " K 1- A’Hsi •'.?I- n i ’OT
ffTT'"*
RflWWtJWjfcWI*.
'TC I*-*
IM tO & m tion*  : ' ' Vv;..' .,: ■' •
. ilt^wvigli almost a l l  workers a^rted teat
purity  c f r^a itn ts  was 01 tea utmost ittportan*$t ;te#r# i t  
p r a j t l ja l i /  m  agroof. ant ft* to  tea roteoiu aspleytd in  t&*
oJ[
preparation of tea o&t&c4 ©f' w  *e*3 lastliods^deta-tsiimtion #f 
polarisa tion  potential**-. - I t  w ■ tearofor* d *$ i& *4  ia marry 
gut ppalteiiaur} esparlwniaf 'oa various iaethMft o f - preparation 
m& dfttsnuXtiutlott and f in a lif  fcatwaaa tlitia. os a basin
©I repro&msteiUti o f roooltft* ?
ra ts r ia ls  0 Hrd..in ,T»*e. /*rrU«, ■ ■ ■ - : ; ;■ :
■ v - $ba n itm t  amdaa m m  mast- in  Motes t o *  te? ■,
3 #3 aai# fcy tens# o f assay j>3 *0 3 >/- s ilv e r*
-. ; oat&oisa m m  mat froai © ilftr  f o i l .‘0 *0 0 5 is« .
tk lte and 3^$®* of us say 99*$$,* s ll?$r#  .,'. ft© typ^s
of fo i i  se r t  mstii-* ;(i). te l ly  aranaitd 111) , m l^ .rolled#
Ate...: ■ " f lm ' i i l f o t  . n i t r a t e  was iO - f tp ^ m i f ls & t iO B
te w  H int r*srystM li^$d,ftM  of usauy m% lm $  tM n-
ftiirer nitrate* ftiia was found to lit tm; tewi# for mis 
i l t e m t  fu rteo r tr*ftttt*&t«
.fli# nll¥@r gaEso v»us SO cate of assay 03*93/-- Bllrar#
All axa s ilfa i?  &&lte war# supplied i f  JotiBSsa Jlaiteey
M i *  '■
tea water ra $ l v~* M s t i l le d  ^ater o s & e ro iis til ls t 
tv&u potaa teaa, ; , r« <u,,aw a, a to **w poteswlua lijdroxitt, usiiu
w till aM 40JU<*&**r # It was stored in  %lm%
W f c t l e ® ' fitting gl&*a atop;-$ra» aad.ut&d ..within 
4 fas 4&y& of *ro;ar&tioi>*- fills watsr *-*a found t© %#: ■ 
s&tisfadtorx* sr4 w* uw*d throughout t hr work#., • ;:
./', . v -lAurist i&e mrk m 
tke si%mgm\mmi..ma oxygen free flew tew 1*^  *;?*/?♦ 0#) 
supplied fey British Cs'jgzn 0o*# *jrd u^ud without 
fmfllwX tre a t uSt« ■. ,. ....,, : V :
Preparation Cf fl:o Oath-rda* ; 5 ' ■ • - -! •" A
; ■ / Various authors 1 ^ 0  mstl wff ilfiti t 1 •
toa&uiiue* lu preparing tral* *at&od&*# tml *%£% fm &m%" 
used ail*ur sathoto* .; iamfiE and vilskier 111 hare used  ^
miullogr'ipaia poll -l*w ihh ao&e aaiiea# fox sapper*'
Ml this was iiaposaifei# Is til* jasa m lrg  to ilia tliiimtsa 
of tfcs f o i l *  The fcrcrd-prtm ip lee are ’ f i r s t *  * to rezsore ' 
any gxea^ u fllm# and tilts to rtrno?# any o*cid* *.r titjMIo - 
flint and to trv’ to it&Te a uslfoxm ra.p3?odujlbla
, ; .  . . Tim first jitag#. ms :&s30&plished. fej vapour :
■ degrees! eg is  ^ ; A flask was 'f it te d
with. a r t f  las ' ?f -aisd tka ■aolteat refiuxad w ith "
the spaslmea. 1 **„, In. Mm, vapour* 00- iL t the .aoMemate 
ras tost, rrsr it# ., f&ls pro was *- o&rried out to t  
twenty xoiimt#sf &si w&a found’ to  ..fee so satiaf&atory. that 
i t  was.used *~r ugfctmi ;tlxe wbsuIs^ ' work*
; .'- ■ •■' fhr ^  m& rather more difficult#
i t  jsssufed deaipafete' to avoid Mmt&i&isg phoepfeats
Of porta l* ki te  m l'm  ...to tfcs tUA3«f of. precipitate. -,.... : -
for* *iie %  fis c *Ilf tiio a&teMs .were tr ie d !~  ; . ; . 
f i )  la  i-oi M tr io  a a il*  ■•,
,.: f l i l  etalJU^ la  l*at 5, pote> imm eyanlde*- -  
4 ® iio  f© lis lii%  safe not. e t te s te d  in  vte# o f tee - ,,.
iff tti® f o i l *  fC n l/ r  4 1  of. f o i l  o f ©$£& 
type wan xm&l is  % lit' m fk f . tlsas . . fa c ilita t in g  t&e ■;•■ ■■...:■ 
attaXmcat of a eomtemt type of  ^ ir te  a}* In  p r t i f i » * ft 
t&e two ote~es ga.?i§ to t  nama po la risa tion  valaoat -feat tee 
dapoMt ratfe..r more n a if are ©m tfe© aald.. ©tekei. 
*p*?jU.&if and suMe r e a l ly  tliis  m#tb.;4. fas. need 
teretigliomt t iif  ..work*.' I t  tns to ta l. t ta t  tea precise ,, 
Btmngth of tld  otefe* msl tte  texperaturo nnd, t*r*e o f •>. . 
tteJaiisg^iit not af fect  tfe& rgsmits* ani therefore. ©asfc 
s p e c im e n  * / ©t e k e d  n± M  t o  ^ i T f a m  m p v ^ a r ;, !  a 
u n i f o r m  ^ jJ , t 4  © © lo u r * ■'
m  a f in  1 ntep#' in * a&teM© s u i te s *  well 
mmlmi. s ite  d is t i l le d  water uni dried fey pressing feetween 
f i l t e r  papers feef w.re t e is j  pl&aed in  te r  c e ll*  .
-i test Ho >1 «?;? .aretes w*i i i r r i . i t *  '
\ flit api.aratia acnal&ted at * in s lty  itas im l 
U t i l i t y  Potentiometer# iaimiKJiEtttr sand .standard .wee ion 
Sell# fti# potentiometer tferee mi^gea* S-toC^r# # 
0*»tew ?#t aM  ©MSsif fr# aM  in  genep&l tlia middle of
" i t i  m&M used* is  w&iefe ' tfee scale was ©alifepated
in  v# potentiometer.-fa*. provMM^
with tn^: s s tfr m l te f  I f  mnssi,^f' &.., reversing
■ switefe*':tsfexe© alramiiii **xill.fe& obtul&U ’«££*$ ttvtly* 
fim ftifaae©#tir:;&ai -a tensiti?itf -cf STmm/mieroamp*
Ir&frm ;1©« resiatanae nSuint:f/eoai.ld,'fee.teim’foratete&t w ill 
to- m M m  -;-lM : : t o  poisrislr^-.-ourre®t 'was
. provided - fey a seri«^.'of few# volt aaatTOlaiors, tM  ■ 
jwt rolled fey thro# v&ricfele resistances of 730 f 60 ctr4 ' 
I alia in  spritsttfee ciireat feeing ceacarad fey a /.oaten 
a-XiltefUE? ta? t f  srabet.te to  ^ 3 3  r * iy # vtou l t e l  s ix  
ranges* i^sely l $ 3.osXt'0*B vv*i5vC? an! I*te'O is A* faT3.s 
providi^: very *d3uxftt« earr&oi control for any given 
current# $fe& wfeol® apparatia was wired mp In tfee usual 
way* with tfee s e l l  is. er&ci in  a in m o st* tic  w&t-arfeatfe 
b*M.at 8§°a t  0 .isa. ' ■ . . .
•Vie P-etfeci of Daternir&tioa -of FoimriBatloa Potential*
• fve &£tfeeds c f determination wtre & va ilab ie t~1 •
lij  t o  llarirg lotted Ca)*'
(11) a * 3  &.aif-piOe11 xj * tuo&#
,&s w*d ofeosn in section X* opinion feaa feeon divi&ai • 
fairly © itL&Uly bate ten them* feut most of tea workers on. 
©liver teve preferred tha huliVceil method* Alae 
*to*M ll a&4 *oii {3j! Jmv© shown that form at ayatgraft 
this is  ttut only way o f ' obtaining rtprod^clfeie result©* 
iiwtir*rt in. the case of silver  nitrate celntiosa, another
t
factor must fee: coiisterti., 'm istlf tfe® .feeterogeneou©--A
malare of tte wsposli* rute it as am desirable
i© u&e the terU g mot hoi and tfetein a man value for tat 
entire  surface# ruihcr than the h & ite e l i  method • -
g iv in g  a local i r a t e  at th e  tip of the  lu g g in  capillary* 
However siiua rep rote ifellty is the major criterion* it 
was decided to compare the two ref&ods before seise tiisg
ooo for ecbeeiaent use#.-- . . ; ■ .',•
..a; : | i i i . s t i i g |  i® u  s i i | l m l l |  described""!*;? ■- ■>
B a r l k i ' t s ) *  c u t 'lm - te i s  f o rk  th e  much' improved- t i l l ;. : a  .... 
designed, fey -•am ir i s i  amith- |4 l ^ias. used* .■•■ I t  was- m.de 
o f  feln#- th ick - # t e r  j , t e | i i  aM ' had^interm rdim em tero ■ 
o f IS Ef s  x  ' icm* M i t j  cemented -together, tsi t& a  'eolation ‘ 
©it■.: perspex la .  o&lerofpm *- ■. twenty mtuM .s ilve r $mM0 -mm ■ 
f i t te d  ini© ©lot©* terns .dividing■■the se ll- in to -th re e  
e comp a rtmemte * - -. She ieattustda t i l . wm open m at. f  lungad f
c i j  the oatl^d* f o i l  in  p i 3 * -.fey tL&im o f a •
rubber &aUtai| i  tu fco l baseplate; eeaurtd fey s is  screw x: 
otoape#- A ioh-tave  J o in t*  ;tii§  s e ll « §
aa lifen ts  1 to • h o lt • ISOc3• o f ab lu tion  aril to;expose-.■ 
■10ed*«©#- o f .eathode# ■ !-EPim lly*;'the §§11- was.-placed, on a 
p latform  In 'the  .water ~%mih and; levelled'fey means o f a 
s p ir it -  leve l* ." t o  eorrecilo&ffer inaecuracles la  the e e il 
distances method w ill not he
desurlfeed* a im s sufese*uent tork Bhm&l that ten Bering ■ 
m  t&ed' eomid -■ cot fee uaed* ; -
She second method ~ the Jia l£*eeii im f i  ~
saliisiueatij-as®a to  f i a  iisrte, is  tha t of irsasariag’ tha
t f  a i  #;st#rsai jrsfara&aa ;
a it^ t r is a i aooaaatloa fesifig' m itt' I f  a itp illa s 'y  fr ts a e f 
tg iyu ^ t ttia fm z  of 3atfecde« ' lu  tim early §^r' *■- 
tm  alsairclyaXe s e ll mssl ta i  -ftm K *rir£  s s i lM f t i  'the  
g«*jXZQ4 la te r  aaotaer ##11 was i/s$o# : '
** p&otwjrapfc v l t ; ^  referease $ la s t rode l i  $&©'«■&’ is  f i f * f
and Is  'mimiim  ;t# l&s:| i i i t i  i j r  ira ls®  { ! ) *  : --flair fa# was
an i . jie  *e.j tap i i i  e&sii aids: wc*» co1^ 0 3 tat- la  - '
i t j f i t  f t  arw t&e © ?l&tlea' *u$k$£ fte3mglaf. tlm i -'"
Sox&iflig "tlia l lx p id  jum U o» .i&  tks h o m ® i  . t&e tm# M i  
jn lsla iatsg t m i s  daa fc© 6 if  fusion # f i k t  «1& jtre ly te *- • "• 
f in  4tM0t tleatrsAa uxal was Ag/AgZQ^ eciutios# :
*xa*i e l i x i r  fas a/4f p ^ j ip i f a i iv £ f ant s i s t t : f!»  ■' ;- - *
e ltfa trcxy t* \t>*a a s ju l lr  e? fM# 'itiit;,#on j^n ti9a ll#a  
a*Yt&® ■aeiutios 1» the eXestroIysie f v ^  Xt ike I t tm it  : 
jam  t ic  a pate& tia l rsu almost »m |ilQ t^if: ; ;; f i t
Bilwm f m  thz w^ & ¥ f ■
e lta tro ly t is  deposition a t Mail 4 X ir« i dcaalty i fpB  asid 
a il? # r M ir - ita  ’ -Xt mm psm isaifcle t o  mse -a ■'
eiirer-Te£®r«&se eloatrt*!® '3im§. t&@ p^la#satioa tas ■ 
o ^ a n i  1 | a d i l l ’erarae i&tte©4!*' ' '
■ft i "* '?"> "... :■,/... •. . ■ - ;-
wimm# ■ : '; •:- '
n Z oatic4.^ pwiaris^tx^Ja p*>t;£ fc i& lf3 *#.#*}
.. 5- 1*11*:?* ©£ a&tkod#' ant ’is&eixaurrejai Is  ’
■ ■". ■ ; f l t i l f l f *  . ' . . , . .... v .'■ ■
® a .1#1I*SV ©£ e&t&o&e aial whoa ©urpeat
. Q
is m t  n o t i o n *
f  i«  1 jcriius^tlv* tv  i ta  \-iJN&o©XX \  * . Eitaiis
o f , & t&ii^waiJL 1 o&pill ,ry ,iufeet v&iek. tipped in to  t t e  
tita iro lr^ is*  e iso iro lv ie  csr* ms seaaroated to  f ta  tap .
I f  .&, plucm of ru tae r tuBts§* - . Tim m$M- of ,&© tso  p im m  
©£ §iam  tc m ts i I m l i t  tfcs raata? ita *  Isaeplxg tba m i l l t r  
to .»o luU  a ©ojt^et to ,a.; ciiUbEsisaf . ,; fko .,o a p ili^ r j, waa. 
piqued *&cat X3&* teaa i&© sa tta le  fas© taring  tin  t a t  
w£ea u re ta in  j  uuj t a t a  t i t  ©©rea©4 up Ip o f :&
jraek &sd flM#m 4efioo.U35.til- tko s&pilt&yy t ip  imaged ' 
i i us t i f  t a t  f i i t i l f  &g&laust. ill# ®u t r -  of 111# ike
m iliar eatlisg s© a-.aprius# - i ic a i© ii i :&M Poll (3)
eoaai&er ttafe ta* ©upill&f? &otti& to  o sif.. a. ftw r i^ m m  
i& diemetesr* ta t . is , wim M  t ta  aea tst 1 *iar© of t .3 deposit 
tl«t ta p iila ti ' used Iii/ftiia toirM .was ukoui C*5ran la  -ftistaetef* 
TLo $£$t®oiJ.Pc ^ « 3 U  o f t hM m m  nlaiisised 1$ t e r i i ^ c 
t ia  piueel a t ©eras d ia l a 3a from tke IQ ,
©jeaspt kUm t ta iA j a r e t a i l *  &*3& kairir^> a kori)?ontai 
plavto ©a a p i l la r ?  a t least Isa* io a >  Is  prcstto** . 
tfci* did aot asreen iaa etatata* e*ru taring  ffce or' #m 
iLgit^twi *©iutic&3 k ta tta  + ^  of eausls^ a
efj.^ *i in  tta  ela3trolyt*»-
’y  *,taiu;*4 r f  l .■ ‘ ■ ■
f&© f i r s t  aerie© tajrius m m  © arriti out t©' 
esaisiise'poIariaatic3!wtiM fs^tj ©urfes f©rt; aeu tra l © ilrer
•17W.
M lra ta  &ai to to&fc rip $ 9du4 ife llliy ‘ o f 'th *
%m uutluds* £ * o&t&oto 'B!'$3i£T4*£«$ war® : proper* i  .,
te ia filM  # a f litr f ' pla^tt atil*  ' f in i s ' l l  -
tan ri&$a4:wit& sciutio&# &&} tksa ftll$%  arid pl&aei in  
tilt wat-sr .fc&t&t ' ffto ;sxis xKrftally !v*t I s  i
£U *■ iu - %M' bmi&f &12& #wiis;|  to t£a poor t&*r-^l •
§ € .« u jt if i tf  of psrspox* flat .§@11 . w&a I  a f t  t»  ta t  fc-tfc fo r 
tu.M fetforo starling-IM-rs% ,i,?i or&$r:tta t i t  ekould 
oo&w up to  ■ tts p rra tu rt*  In  a a ri% su mtfcod* tho t o i l  i t s  
o artfa llf i t f f l l t l  feaforo ^tarfisg* U rn  m ^ t m % - w m  
m ii t io d - w  $M a iju o ie l to tfto appropriate v l*u#
Btadiass. wort takon aft^r Tfurioiio tisio ifct*rA-I « i t  the 
#n4 ©f t lif  run. tlu; Solution *&* txnuuafsrr&d -imak to. the 
flask  in Uu fcatlt, t&t i s l l  wnsfcod out with 5 ir; 
wati? aM. ■. %&& ouifco&e regia led fo r tho next im* .
■ In. t2a@ IM itffllifi tan
i ts  a a r i t l j  alg. Cuiil ty ©pe* XI a rot or ess® $ '■..
§ it jtu > la  was. p l,n a l ia  ttfes hath and ^arnojt^f up*.. th#..-. 
whoio iippatratuo.I t i i i  ad ju sts  to tfcat the s a g iii& rr ,t ip  ■■ 
was i i i  tha i  n  ti.p o & itica *  J fts r  sailcwirg s ^ a  .
■ fo r  tho ajattsa to., ..up to taagiratare* . the 
tM  im lf-n a ll an! a^ta^vO was ts&ac* \\3 3 ^ .o u rre 't !.**« ... 
tl4#m eu *aU atlastM * tM ,£*M#1V. r&lu 84 taktu .
a t t a r  f l^ v l ti£« la t tr ra ls *  . i t  th t  ..«&& of th t run* tin  -: 
our ran t waa au itih ti. e f f# and u tts.r a tm  isim taa %hm 
agaia ta»on* la  t?alut,tlii§ th a . pol& riaatioa, th is  la t te r
si*
4 lib rium  potentia l was mutl*; ' mithoush i t  was
not usually t&ry &ifX33U-1 fr*&  t ie  rs lix* h&fore 
$ t a r t l y *  i t  aid. t in  of t&* &#p©ti ta t
autiuds, &*4 tii4 d lffsranso bst^eoa t t is  ruluo asi tka
at any tl&e iarir^  fc&a ran gar© -tb* f&larintties 
a t ’'tha t' t ic s *  -■ , :' :
. - ■. :; ■• la  Ha m » :iM wliiihth# tm  reaiheds 
m tii& ily jcngarM* t«o tj$lXs were. uesl slr;eiltaawuslj a 1 
iJ4'E#rl«a* ; ■ - v , , : y ■-■■■;. . ■ • ■ ;
fh t : i f i i r d r i t a l  3eU«- ■-■■: :":
■ M i m  tha pmlim&mvy iw o s tis & tio n  but %mu:- 
pcriorned* i t  m$: femMV fo r  .rta ias* shun « i l l ;  tin g lr tn  
later* that tin Lnrli»j Mfc^*.dL aeuM 2:01 ho used* rd In all. 
fciabs,***,,* I  ~ **£ to.4 Ixa X f^ ttil r& thoi « a  employed#'
XI0 Icng ro s tu r ju ia r shops? of th* s e ll has tli®
• fti*a&v<n&t3g& tliut it Is  o£t?$&el? d l f f l 312. lt  to o lit i iB  
&1* *tuta unifwru a g ita tion  of th#. so lu tion  e lm s tM  
Luring a^tkcl ho long** to tiriis#!* this -3til fli 
duU4*?A*d* iioutelli uxii Bell Ci|- tort fisada as exto'agivt
&’X,uUxalloii ©f. 4Cir; i i t I c s j  see ls! fo r  obtaining the 
%m% 3»*ult§f enl nura urn i l a l i l  la. niig © ttor tainge) 
t x - t  t in  s**upo f r r  t to  s t l l . i t - t t o  O flin l^ r *  ?iiia:
Is® «t «-Jhr n ly / that i t  p ro rlise  t l i f
to s t ah-v* lo r  OLsifiru agitation# . J n s o rd ir ji;*  a a t l l  - 
dauljaai *4:1$h U;iJU iinwlt;£ m §yl lr td r i^ s l #topef s t i l l
mo* i  doairulla • faatara c-f- Ike torlsg as 11*
tM I.'is i* the c-4-ty of imgldh:i;nr4  oi th« d a tM It* :v' 
did &&'** to to tin  tu,\t saas, u a ir i t i la r
would h v - tho diaairn^wd^ n£ auasira oa insr®-:®© In the 
o o & lo r M . mtvmt lXmm:%i the  mages o f  t t o  s a th o la ,
.la441m to la n riu r d®gusifo^  **t fto  aJL 38 of the speji^aa* 
hcmei/nr thi^ ihouM I t  o ffse t I f .  a a lig h t a h le id lt^ ’ n£f#at 
a.** to th  t i l e s  of the  owning* : : l a  p ^ t i^ o *  7;:"v
U iP r&aU tJU  e x tra  was* &b#*rvd& a t ' th#  mdgss o f
th# au£©tfli* sad this iisfats tin t the ism  esn# In amrrmut 
distribution at t v sia&s c f the aaihcia *as negligible# ■'!:-
- -.flit usiX;wm mat# fr..a  parogen* alias
gw?ui #§■ s a tis tm%orj. l a  t in  earlie r-$& 'll # 
aM -u t m lM f®  th *  41*$iYaatugss of fafaol*' l
Somt. psrsp&x % o lta iim i im fh i C .m  of a c tfliM,m  ©£';--■• 
i& tsr***! diameter S is* ami wall.''thiakseas V -from this  
a plai© high las # a tf am 'iia opaaiag was smb. ih  th#
a u r t t i  faa# §*5§m* frsa  caa sad* - In to  th is  sgjua a 
angular blosh of gorspsx N il la* was oeonatea#'
4 mea ops sl«4 &a$ than out 1m thm w-trs of 'tlit hlosk 4am 
li^h  brf 4*w3*4 $!&#, uni th# inside fma of the bleak f&i 
ground cut. to tiio original e irn ilor shagjn of tin eilisdtr#  
fist' & & g m  .of ■ tlia b#i -g mr# also fr&sM femk: is  oMar
to aiiX  t to lr  sareesiiig #rf ut« A la s t  wa® to
th® o y iia itr* a s i i  etas# f i i t i i ^ ' l i t  with h o l m  t o r  th# 
ia g ii i j iy *  stiffoir* iM  anode ter.4 . *1 ;ms . fin
math®a# foil was #mb Sim* if. iM pXsjwX cmr the
o is r ix i  in  fcka aid*? rl^t-a* T&JU ims tiicn feiikni ly  a 
rubber w* * ~t# « 1  & fe&fhiivr plat# ru ls  fftui a ttiiak 
f i# tt: '# f  . psr&ptac, aid® of «&1i& r ^ i ground Into. a:
*. t  $i- a ■ airs-t©#■;.■;■■/- ( ^ s  © tb«  fane of the ba#kifig;# , ■ ; 
ad-w til a» fla t#  ware gjMtrvl f la t t  # ,/. Sy,.ilt.m|)ing
with ®fceel Iaf24'#.'sul3li i w t  ri$h.t rc$M ;t& t,43 l i»  a 
l&ds-prucf Joint sa© obtained* cassation • ,
will! ;tfe.t f t th e ie  3ud* %f d r i l l  1 £3 &®\m -thvmgh, tht.' 
se ll: m i l  $ o u  IzwertJj^j tao a ilr a r  ^tills in %M *l&ft ; 
pl&t«ft..*iur oa eith er sld® of ihe ®t\%km&,
s tu ls  aurridd the auTrent* arkl the othar hlit pete at le ssta r  
lead# -fit® a tops esrs amenta 4 to tas in i ids of the -*eli 
di&mttimlly ep p os|t" th a 'sii#  plate* and i© lc
ta t anal©*' ■-. : :-r'
h. Ztn. tixia ~©t wo ritstl *rtrf w©lir
foal, ilags; e w «4 a ph©t$£ra!& of th# s#Ii s&owa la. ■,
J ifs*  X i i i l * -  Iror taa slu^plsc lias
baeu txuz % Zxe deposits ohtaliial wsrs
fu ita  maifor^': asf i t  was found tt /t*  fur i r m  alisf -
the aath©4#f th# Mgs* of th# openirig lialpti .t^  prmii®.. a • 
further shurni.% tffsit* io; that $:*$&• t&« neXmtloa urns' 
s tirred , the tie# tro ly to  41.1 -wt r.$rsly ilm  frrir tat 
oaihtit fan# fro# cm# aid© to tws.* c tme r* nip f ill 1st 
i##n l&tsr* the o^ll&tloa »§ ^ further atiittel,>y platisf 
th# t | ir r « r  ejje&tri&ally' la the ee il#  .;
flG. I
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•ai^iwwMnmB^Mj ^ ,:LiL2_^_^ j^ ;;, m'^in'i i' iHfa1
'pLhti MilW J *2 l
Tm Q y l & n & r O & l l  &M W i t - a e U
•;Bm ipIlBftrlaal -e ll 
iuhm im  tfc* plate}#

flit imSiitl. , K i i w n % i \ i t U n a  hb4 ® m $ m t  i M m i t i m  
msti m m r i * *  j f  -
txiitrisaaU to fist t&@ 
fm  A£&*r$&t » llt& r tepouits* o a^fal iBfomrtioaa ©a ' 
tu** topi-i 'jraJU 1* fount h i tUe litor* t ita*-slsso tfe#
#nlf ■ "pf Hitttr'■ Mtimi# #©lmiio na "are- - is
*l«$t:r&rtfl£i*g {«!»§?*•' il# got*** of th deposit' In 
muitportiat.) ;aM iia t i«  silver 'aoulcv«torf i» toiil it.is 
%# & piscinas srusill#' «». tie 3^tlct$f
OtflBB to tiuf Tr r* poet a&tammy Of Itpnaltoit ailttT* •
t#rM to ttot . ■
of Ya&r&fByaA and. Ma/oa«ttcr2&ra (lfs t3#i in whtol t&s? «o •’" 
single fyy^tsl# of-allvor to examine P *tsl'ratic& pb&&c&}88* 
to.aootksr fa f t f  ;Ci) t)ie$ iisvostig^ge $o tor loafioiw tim
noil tliit 2D p l e a t s  tot only ro?k m :%hi® mpm% of 
tliii ■ problem#.•.■ ■ I 5 i # ' a - a t  Taft | § j# ^ fa ft am 
t^orirf#) m i Jctoorif &a»$ ’ imi fY) * *11--fcavt ■
Hit taswtojk of «dtiur workti^ n i t f o 'p X & t im ® .  tlM trtie .*'* 01?
k onl^  ooittef&ei' ':
txiil 42p A£*X o i txt '■
' £©»*$ t to  yftVL iB  t l t o  *ft3tlO$ '1ft 0OB30n o t  Wlttl
tie otosoUati* 4, *s& eor^ rtooa of tit? *v&UtoUt
tie i$pe of toll 0 00 a* &b4 tfcu reprodastteilitjr of tie 
■ aarva* for ito  solution*
-> vl I, He i i ?w. ■•;
A ©:#.|S i m * $>&%&■ im .%&&■.ilr®% •...;.v..■ ■
experiment* toter *'■&..ser ies of .0*03*
§*if - .^33^-ayat '©to art ' Ta* T xrrm t -9hmm 
wm 0OW raprestsiliif'us: epvargat •«*?•*$ o f .0#5A/si im
fM i Talut. x~r*e*f«t* ■• tlit. l i  ttim* ?nimt of .tlii
otitiftst -for o&hero&t -depositi.. in -sm i eelmtiam ^ ..as.■■•■,■ ■ 
iX p s y to -* to lif* ;:- . - :
Jonmuri r of the r ia r ir*  am 5 3 lf~ ic 11 I. stood 3 * -
5&fc t 0 ustof„ *-wert mn nims&%&m®xf&k$f -im osrtos 
nolmj separate of .tie asune''.solution* and antic "en of
•faXX  ^ 4 ll? c r prepared %j asid^atohihg a fte r  mpear ■
in  trishloto&toplax** «j&afc.ma mm scntisued 
until the potential* t&Xa& usually itaroasei with,, time # 
did m% 3iuu,*e Uj m v* l h a i t  x**,-£?* ria  10 %iroiaag’ IMs .. 
*U i4axd of aoratsuu* luxnp *uita- .a r^ ita r j* ,.. In pm tiao*  
i t  m s fc-tuml to to tuo LCixit^ mth®& *eaU not £iv® gytaicr  
luaur&jp than thi*# hut too UilJtortol nstool rouXd g it*  a 
ataod&rA of joxfttax*)* of -  t*Xw*/X0 alias* ftif T&luaa i s  
tubl* m u  me toptoto of a *e*l*4 of M m % . t i t t r  tvm  
ixhlzg both aatmods. £b® EirXi;a i*XX sorraniaa for th* 
s e l l  ooaparfcasat dlsto&ie* m *-oht&li’.sd.fcf the tearis t» i ■ 
i;ix&l*r to) &*&..&• fto in it ia l  and is < 1 ■■potential fa ints  
ra ttr io to to  mlaoa o'atsJL&ad frcft the soil* • rafertmst /• 
alaatrok^aat. ? Xc# tv for* and xrtor toe run* .. ftsi final 
taJuit m s takas im tmlmttoiiif the pol&ria&tion sina# i t
was iaarto to bo acrs rcpxc iaa ib lt* ami ma also toxs 
represents,tire ..of t o  depsvitei' $&$«*-, ; : p • - ; .
* ‘M u  urn '"" - :  '■M&a&am
-  ^ t*»#2Cwn *^ |-.. y# *i L * * # ■ ■
t.ttias* r ; ' O s . ' . s; ; ,; 1.  is  20 as
& .  «r» 1250 1253 12 54 12 S3 12 SO' '1245 1343 J1 \
X *T. 1213 1214 1315 1215 1214 131: 1203 } I  ir iraH -: -: ... .-. | ■>
31 iar* 3a ';; . JifV' ■.', "tot , m  ■ ad ad 31' j  H a to i  ^:
4a^crj?a.it«4 .'. ' ; ‘ ' r' j ' : ■ ■
i rX| :\.V ' - •; .to::- '. •) : .
* » . ■ ■ '  A -  ’ 1 *
a ito* t toi . to- ..-■ ■ '.IS , . m  * i i  )
eOlfteated ’  ^ ; -  to .-. to: to 1 ;,.. - .,
|k«« topa |
m .■■*# '** ,.. •.
I„  ear# a i l  ■; 10 ■ $ . . f  .. ' :f.. f  . - f  } Jtelf-ssssli
:d :■ • toto- - : r.' )
a,(W*CT ? ;S i : 5.;; 5.,; : S ■• v:: ■ S } _ fitted.
i 'Sto wt) s*?
Jaitotoe Jaipur ... ,:•
1 ,*  f t o  JJLidls iospartemt ..§ ■ ■ , ■ •'■ .'. . ,....., '- .:.
M j z  Hmriia CkiX Jorrsjtiaa s
ito« £4t*~tinl. of L&l£«*3eil and Q % ikM ®*S : ■
■44w^<*<*- 3 m 4 * X  t  i  U i  ^  *  «i»A #  4  #  Sf .
la» fin a l !*£.«?*. £ ■*§♦© iw* ■:J" - -• '':' ' ' •■' ■'
thin • isMt *' it is at m m ' apparent tot m% 
m l$  M  %h$ im ' mtmXh *>re different of the
polartoiitn* tat to'Baring catoi itos loisgtr to raiuxh 
the kicutoM eito tori «lion (s#e#p*)*
, ~ j l i t i  % t  hi l i l y jjid ^apra&VL :i I i l l  it?  of t *  #
• ■•' ' It Is '& will taonn fait great iiffiimltf Is
®*pari3s3s;d 1n obtaining rgproiujlbXu results in. 
oloottfodej^ aitlosu for tMa r$&&©a*' wQtlmm In tlit 
flsii. of JaydrogiiJi. -S?sr?clia£^# a w. in fariisttlstt sortifis 
aul Ms luwi&in iij# tera Moptoi :|1# ttsteifti#: tf. 
pYo»*teotroi$$is> of t!ie solution# In  tlu  p re ^ s t wort . 
tke fans tssSsintas was used, and t&o solution was taken 
to tut?*® .re&sked a' oeMition of-lltutrolrtis ■
tl#S*} UvB tao tax* of that oolutlcm ga ft a
$•&♦£* *©t morn tin ± l*©ii? * . "Is p r m i l
it was fcund postible to urtitff a fst*Mtri of 1 OMs&tV 
«&«& ualng tiis lu4 .f*a*&  &3t ~ it ant t&io f i z ^  rofrosasta 
n xo p ro d a sU ilitf. ©f mbomi -§J$ o f t&o o*s*p* fo r  a raiuo o f 
§m?* ass is Mmm m, tbai attain#t 3tmir.. m I -situ 
fioj in fcoir «rt -on doppor* ;: fals reproducibility is 
# fts  W tte r ; wntn Mgksr po la risa tion  ?oltt*a &r# obtained#
1 .' " A\*bi# I l ls  a typ ija l result. #n rerunning
the so lu tion  „wd*r i t s  oa&s uoBditioisa and us is *  a freaja 
aatliodo for' «*% ?n fun#.' •
tna* t  ii^  atasdard cf s*$*p. as
**■ 1  i#^isi!r ii..^  %la a * u3U-« i  «*H ILL*, l t d  r t t i f e ® #  t i t  S t a b i l i t y
m ih  mom *ui iMy than iii# iS&rins &«tkod# •:,: Jtetbor*: in. 
ptrforniig t m m  oxperipests# a number of .other important 
fasts.- war# elualtatod*’. ■ firs tly#  mim  .$&*■’ balf~a*U.-/aathot# 
it^ is  pcMiaifelo to# .ashlar# a i t  tansy of. i  0«JL>y*f and
VX* a&n It obtain## cu frosh sianplti
of-ieiElltm# .; - ©,# l a i i ^ g  mtfliMftft a - ■. v-
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- 4
Jatrc lv itio j& t
sura I t  tna been iv»tcc*ury to  i s f  - L' - -
i t ## awnp&eroa :1& t ie  stele of fc~drcg*»'' • ';*; / —  
thus u tto rko lm  f l | i t o r u $ e l  a l t rcg<m:&3 a 
umujja of prcyd-bi** 4 j  jus a of to t la  solution in
u i*  \i3xk &** IU l*  to p ii*  Xu toe $*se of m etal■ deposition*■ 
tiiia aniHiit boom sutlwX sepl^ itnu# V&srusy(£}
Auj vuioi. *J.fc*'■:%>& la  Liu ^oik cn a ll?  -r sHlcxe  
poluxleuttoa potentia l* ms lu te  i x i o ^ r u f  &i4 V o k a r {*5} 
in  tbcit. m tk  v i  f i t  t  lavl©ndMp p a l- tr iu t lo a
ual jurre&i.density# , n tit oiler l*ur4# losa* tlsal 
ami *. J u ie i  f i j ; ru7‘3 & very.. tsfcarair* stu j?  of t&a
.oo'aioseter* ami tLcy r  *fc* ..mo t u i t io n  of any '£ed«$*lty 
ta  prsnr a at ©sy^un of tie  ..oktlior.* , ........
' ' x io a te lli  a&l i c l l  18\ rtaonnerl th* use:of : 
mitrcgia liiiablal tn rc r f l t ie  solution *u a noars o f " 
e&it&fcioa* anA ' ' I t  W ilt. b* JW is i'x r, to jsxul&ar'iA.
f".rioaa aaot ,caU of IWtiom in a y , r t  u£ tala wofKt
it was of inur-si to ©x&&in& tls ■fif'trt of ’:di$:solved 
altsxpsn u  Isa- • of s ilv e r  out* -1  oclatlcns* • • ' * •
faxtM ir i t  m@mi t lu t  cxggon dissolved
in .th e , so iu tisn . migM fetta a of t lo  g m H u i ; ''
a l’-in4v0 in  tbe.. . C t ta l,. in  -aedtlom Xxal on
rerunning- too m iu t i  ♦ It t lo ro fo r t ;itaeiai la t i r a i l#  
to lx;?asUoate t ie  c f fd i t  t f  diusc-lired 0'im *> t% t,3  j*d*p»
of, i£u Solution fox e at oral xiraKua#
; : {BestloB 11}
was pr©?IiM *..l%h a %l®m f i t t l  l i l . t *jlx a t a r t l y
' ran* o4;,v*.-j Xrc4 nitreian w a  t?le»m tlroagk for 
&inufco*e*# A &lo*¥ streaa ® f  mitfogea \ t : ts  
uJLutjlx^x  ever solution tLrcmgbom.l t&e far*
;, " sr a seimti0.». i n  m: lo a ir *  ant titan ’
to lle d  fo r . f i r e  mi am tea mud ra p liijr  ia a l t f  f a t the same 
i im tp  ^vli j  i fmfM strtas, 0f' BlfrojoB t&roi3,sli t lif  
BoMti©mr  &M aostitm xtj to, f&na il l# : gee; t 01* a t least a »  
.lour f e f l a r t I k e  solution#/": ta t e©luti©si-was then 
atere4:.iaa.;a,i:roasd glass tmsk tOttjLe.tiitk.kitrogesi 
thtmghm After prtyarlru tie  **11 the 
■ t l t^ t r v la ia  was transferred from the wash b o tile  t© the 
s e ll  llQ$lu£  erer a 1th nitrogen against a slew s tra ta
of that g a s#   t ie  end of t ie  raa, tie  selu tien  w*
retailed to tie  bottle by £§«?&&» cl a &w©fci©& p*rp#
Shis'- 'ensured that tie  el'*me of asmiaxlx&tJU a
#1 tho eoluti©m fef ©Xfgta wast kept t© a minis®*
4,’Olai'iaatloB* * 5 v '^ m > for €*£?'» n V^e .
' ' v She f ir s t  experiments p ^ r fe r» i itsing am
e l#3 ir o lf t is a il? .'.»tabIUsed C**&; silv er  &it rate selatiem  
©f j«8»p» in air of 4*7«f* It was expest*! that lower ■ 
values of t *s polarisation would be-obtained, but* 
soatrax? to ox pe-3 la II ©as #. th* v~iuy& were >30 os id# ret if  
higher* "A tfp isa l senna cl tana is  aiioKi in table I?&
aM g:rupsiaull$ 1® f i g f & t i i * .' .^tnlis nr# for a®
-m il f&XXj Cui®«aJUl &fc ; • ; .^.,:> y ;;
ftfcl* 17 a, . ■ . ' .
•iwt results c ,2 X  igGu,y €*&yku*Xs** 1^ Sstmmtti#■■■*>■■■■ 1 E .
t  ifiljMS I / 1 . 3 ; 10 ,. IS ■ ;lfi
fi 4»*/« H#! ., 4#t>- • 4.f0,' 4»v ■%.#€*■■ 4*4* • ■
' I
&■ U *d ■ #*§ ■ S#i S*4" GSii -  ■
"S  ' : ' •■ :
■u m * 0*$. C4«5 0*4 ; f#4-:.,; -
». S f*  1G*G 15*? 15*3 10*1: i& * a  "‘..15*
&■■■.'■<■
M rnr*f 18*0 15#? 15*0 15*0 ' 15*0 • 1S.G "■' "■ '  ^ •
.#  ■ • ' ■• ■ .■■:■., -V • -
-;4t ** * G*2&, ia..&ir *-4*?/$ 0*1 IKF* ^
' 4*&#p* 0*£&~ la  S' ~ l§*0 t* 0*1 iaf*
:- ■'.• ; . . ■ §V>
; : ; fkt3t result a nert tu t i t  &u'r$riaii^y In o&so
lU i  pas;juwno& mm&&. pro** to lit d ia r  to t&s 0*2  SM ^
gelation, rum.w^m ftrib i otfur thr**
iao&OcatrotXfc&tf- ..{0..*00# Culp a®2 C#CS)* txC t^pls *X rem its"  
mm raporUi la  i&blo life bclo*n ;3&£ t*fclo sfcc*v.& that ’ 
£a u l l  't■$&&$$$, atsotcl cf iiltli ■Mtro^,*a &ftests tko"
a*s*p* lu t -^a.l«nyo in ttw suaa .direction# f&# 
c o t i ; * 4 t ^  tto w#2£ki &olutioa i i r r  of llv;> **»#'.ordor as 
t&a*a caisio^i ly Vesran&’ai* i i i  a s l t f f#fa |lj*,. fliers 
^ r k : r i  oht*l» a ?c.lt?ss of t:;a palarisufiioa pot»ti& I fo* 
G*fll solatia® a t . a • amrrasf i© asit| of C#M/8 ;4 .*&f& of Uim?* 
? no r«#rh * * Fallal I t  fu* jomparlsma* i t  Is 
ulao I n te r s  U% to m t im  Wm% a. i «  •sparUsnta. on ; 
iiamtraljio^ptr *>w **<,!• It on* a sim ilar
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*4:6** .
waa per&EiroAt* a o f  raar*a -Aers f # f f p n  d I s  tM la  ;
tna solution rua to 2«u# in airf s&tar&fcei nith
iM  rtM s ..ii»i.t^.:tliiit gm* , f ls t l ly ,  * gta waB 
pas. *#4 for 1| &srar$f Bolutlos wa* tHea .fa. ;
: ,-'$*&%? [Xf.® ®h<M® tli*a $££$$& Oft!itS-;::, 
treatment os a t#iJl mlirsi* aaitr r*a mlmtim*. ,s':.:., .: ,:■,
T&iU 1/1
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f l m a t i &  s o im t lo s ^  satm rrtioa ■ tsitfc 
*ay r*ru*tm tiy affiits tii# soMtlos* - : ..
.....................it wua L l m  po*&i&is’t© 4$a;ciwtrafc3 f af tlx#'
p x m $ i u #  o t boi^ rer It. i» aMtif gaft tli# fitst
b%afci« solution from a jpoist of ?itn ef * t * 3 t m i f ® i&.ausA 
rfcpro&aaiiility of 3#*?*p* resait§* ' Kaimir^  tha foltttiaa 
is  a ir  or o&fgss, or *r«& u lu it io i i  of f  ; .
Jsydrogea &&& t.s s  fe o i i l^  t iu  «^Xatlou, t il 'g a ? #
raiann ’#f 4*f ,m?y£ Q * l m # . l  wfii^
tla« i f  r ^ a a ta r s t io s  s i t l i ;a l t r o i ' t s i : -1 ^ .:..
tarred tv tn* h l j i i  #f II*©- mr i  f^ tirr# ftms,tMis
|^ x.oc^ o^a to lit •
" •' v-. A %  ■■ tfels; p#int lit tlit' t&rk* ansiltsr 4if fittiltj 
mmmA: 'A *^s * t  *iXvv* M tm t#  started* ■■-$&»
m i$ im l-  *^445 um% ypt 1 &M,:ri» '> r4 « r "t@; waxl:, ttiia f r- nans 
ttrt p&r.JoiWi iii:felt 414 $&iar&i*& solutitn*
ilia runs la **lr £«~v* tM #*a*p* of 4*? s;ir. for i*X£X;
list l i s t • * © i u t l e B .  ga?« : a _TaXme 
#f'4*lmf c?sa atttr rerunning: **re r& l U&4£» v ltd# was .
:a fes ta l^x^ ts lrlisg  in ffS tlg a tic t#  - 4 . a
1 ** Jaiiitf -of aitrcfts i>ciaitlar>s# .
t ;:, i , f s s a i l lc  im im ^ ■' ■
X ■ :' ■'  ^ ■■■-■ ' t t  -■ -'■ ■-. - ' ';4,'< ' "■■..■ :
■:*'. f l j - ’ • f l i t ’ t i l t i i i i C  l i t i x *  f -  ■ ■" ■ ■• 'v' - : ; --''
■r l&boratcr? &ts©a*jui*f-- -  -
■> .v < i l l  )■; f l i t h I I i w  $£%ta id» : - - ■ - -  ; ■ 1 a - -
Tm f i r s t  y f  t~ * * j fa 3 to rs  ne&xdi antrasoly 
unlike i? «us» a &£ l&svz&%*L&rf i siixia the
is&t&ed ct >rs* im tio a  ©f tits iX s i l l le i  water was standard* 
ffc© s a i^ J  iu  i t o r .itched t u i r l r  U k ily  » iru t tUs f i r s t  
part tf tain v.crlc wa$ parleys 1 in a iterator# wtsr®
?,v»t  L-1,J  ^ ar^ ttat £'•!*«,• &t* in  titv ac-iixfeiwn
o^iaaided w ltir t l i t  <m*suti©tt o f * jr \ .  in  ib is  laXoraterr wad 
t e  t ra n s fe r ,  to  m rcw * w t l i i  a mmh T’arw? uteosj-fet*?*#
■ It .& posiililf tfc&t t - lution was In sc®
'u y  o m t“o r  m m  o f  t&a .fiu m i I  4 0 ^ *1 * • }
• . . '•" ;, • . .:■. . ■ .. . r ;■ ■...•.. ■. . iii- . ■ ..
u^ieyalii- tst is t n utvuX^ftA -I x c ?ai nf.t^ piwrs, 
tm i  f&Jus* m a i l t  ■ | l i«  s c la t iv x v  f i t s  r : is  ti&dur
aitreg»*. h&i ms'affiut cm tia eir satamied solution* / 
ffo te a t  t l io  p o s s ib i l i t y  cl t h is *  th v  T a r tc u i p r c - la i is  „ ■ 
§&&$«* m%& aZiml to a. C'*rtil #oluttr?*i umtti fiti" list. ■ 
oosaeutrstic-s of the g^a voa C*COlli*or itnH X: tb* first 
is&iaafciww s i  a ' f m l i f i t a i t  m m  m m #  ' fh©
g e la t io n  fc&ss them ru n  s ti * „ r  r ^ o 'F ip g  o£;;gsn# I s  t ie  w a j 
desmrifced earlier* 3&e gesea u$o& ««*« Ipdirossri smlfkiiif 
Mf..ox*jU| b|4roi&torid aiiij. sal|rh;ur ticxiiei iiilii cf
nitroggs fas sSrfeils s i i i j *  4*^1 &ul tip triox Id e f&s •
i l l  t i i t & i f a i le d  'm g im  11m m ig im X  
0 * a * f  # of IS « uif. i 11 mi f rog & & # •, In. * rf P© ■
«f m  im m m § ,in-Hit &*#*p*9 Imi oa rerjuxaibj tie eateticm
iha pol&rJUaticn :r*tttr>.*A fe 4*1*5* * la otb*? e&aas* lit '
a «&*!>* r a i u t  was ia s re a e e i C w ith o u t ta o  - l ^ c s i r .
;V4sl$#l* h u t <ri* x^ atauii^  i&e m lu t lm  w i t h  ©^,/jan a 
o#^*p# T i ia c  d i f f e r e n t  to  th a t  o f  t ie  s fc & ^ a r l  s o lu t io n  was 
ohtalmal* i t:/ri3il capita rwalir art gitras is table 
l t d *  f o r  a h*gua a i l r » r  t i t r a t e  ec-Xuties w ith  
aiuKoni^ feddsi to  xvuha th e  s o lu t io n  C#CCUI l i l h  ra & p a s i to  
t h a t  fat*' . fM^nolmtica r i y i m i i l t r  n it r o g e n  i r t ' '
C«&x/*x*<ta« : 1 a first ran *jLqa* t&e o*s#p* Its nitrogen 
fo ra  © d i i ig  th e  cx^i;o2l&# t i  „ m m  ^ 0 ^ t  t  tea
caaoria s-asas aa is. tit iiitfog^Bg itllit
t l a  JU st r * i i i  ©s■' . r ts a t ’s r t - t i 'g  ' t l i f  i e i t i t i o s
oxy|3*i tUf lots m i. zztztn t:- tha origl* xL
ftimt In tlr* ; turn l a l i r  a now tso i^t&ii§# In/ in#
&4 m m lu  c#2&i o*51/ * i »&)* ^  * *i*7itir iM  I  ..
t m t e t / ' l  ; : S . I  ./... 1§ ; - 15 .' SO .
n i#i.T#. 4**1 ' BmM ., 4*11 , I*.!. 4*4 -4*4 l» no Jill ■ - s. .1 - - -  -■ v ■ •:■ •■ ; ■• ■ S .■- ■ ■ ■ § ; ■ - ’ ■
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it, m*. Xl*§: i*4 i*l". f* i ?#§ f*e■'.- '. rm*&t* ,-,o. ■ :■0. W ■.■■. -..■■.■■ ■ 7 g. •
111 .tla  ©t« vr feal-4 gmm i i a i l a r
p o la r!ra tio s  ourraa* . tlm»f ,t la t/M io rtlo r j i i  .
alo&rly. not tha fjtxtox* .
' j; ! Xuo cmif c&x$t pq$4-laio F-riaMt: i i ; tlai M ite r  
m ttratt*  ■• itoso o f ' t* ~ origia& t t t  I t i t ' of
M lm i#  Ja& fceon .rtiairi&i, aol I t  vao t ^ e x o r t  
t o - ■ tltl# ^aport* ro&avar^tt a c o\ possible 
t in t  iti# lain b o ttle  mi^ht mm% - l& y itl% j m%.
prosoBt in  t i t  original* fltra fo r# . a s&rrpio.of tk t .s a l t .  
*,**» ro a ry a ts llia e l fro®>©b x t l i s t i l i f i .  '.watoaf*'■ f l i t a r e t  . 
oa M nterol 0 ls,sit ou& t r i t t  .im tti# otetr* . . Ito.B a f te r  
sarrjriiii out t&i$ i r ^ *  -at . t t i «  ra&eiog i; a ,.
solE.tleB to giTa a po larl^a tloa  ef I I *§ mw* In
Mtrog^B* tv  le i .wm that su sa e s ttl iy
Vagrcflyas { f )  of trMng oxygen $ M lv i  o re r  p la t in is e d  . 
p la tin u m  t#  w o t # tr& uss o f  I& p & r i iy *  IM s  a ls o
f a i le d  to  f i f #  4isy u p p x to ia b i*  In  t a t  #«**?# o f
a n ltro g tB . 's a tu ra te d  .s o lu t io n *  4 .
Tlmm nm nn Ip os#;utter a ita r te t ir# *  m m lf-  
t t e i  th« o r ig in a l act t ie  cf-s l i t e r  M tim .lt sontoifesi • 
sow loi&rislm irtpaxili Mial w-^|unlf null?# %&. sitrogM 
.saturated' i i * t *  a ir  £r®$) #cluil©*u - . I t  #»§■ apparent that 
ihQ a itn ida tio a  of the astir# w*twr lu l  4?mid 'ro'-iuir# ■ t m j  
pxciongea #£t*riL'»&ta# «t. *ould ts^b .t long tlso* ,
■ .stew itet t*a polarisation potential'
of silver i s ’ siirar nitrnt# ia #£tr * wif sassitir# to . traces 
of diteoirfc*. g£i#a# ami a lto  t ie rs  is  d if f ic u l ty  • i s  o tta iis in i 
raprodciible samit** It ii interesting to'sotia# that
nation of tft# d8r&*it# cbtiift'4* el* . r sdwteseploftlly 
or t lth 't is #  mtmlan «yf t f ix «  s© en large  § f an j #h§Bgt la  
■ its# s~taro of tte deposit fron fit differs&l « wltiioss* . 
iilthoagh pr#?ic%»workers toft is ce n led
'the us#, o f a i r  f t t t  so iu lio is#*.so or- result# ter#
teas # s ic ritt*d .to  ju s t i f y . th is  pro 10 t i t  a t
"  Minm* ite Mr tetu ted solutions' appear t© 
.B tt is f f  fa# sritu ri& '.'e f rs p r& d u o ib iiiii o f t te  polaTia.ation 
'p o ten tia l isrnoh’ to t#  .oartsluXy t l  a* ..thus# rtm under a itr^ g ta , 
i t  was &##ld*&;t6- iis s c M lm #  i*4  m® o f s itrc g M  aM  
aosisjitrats' e&tirtiy @n soluticse'ls oiuiUbrlum with the 
4t&.os|.ter0*
i / a  T . p  ( ■ » , , ,  v  - v Tk n T  > f t t  r  i  ^  * '■ * *  t * < (  o  rs ? »  ^  f f i  *  *  r%  m T  a  * * ■ ? ’xitl# ' »?*.£ s-’shs* x Pi? f  • v #  v-*/ ivcw-*** * / J. ^x> *
Intro&ustica*
' .  - '•■ ■'.• an- .|;.gf§at '
•©£■■ ra r ia iid n  o f . eurreat demit? cm tba polarisation
potentia ls of tsrloae #ysterns# goedketra f t )  has "p lo tted ■ 
log Mb and oet&inti lin e a r eurfea for 3 iiT « r iB  i i l f i r  
•of trot# solutions# • sn&artsw f £}• aorsldere th a t ' •altteugh 
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praatie&iif Isde* v'nte&tr of . tfe*' apparent s jL tm iX  desntif#
:2Ms to u ll netm-t® ia fe r  iM t IM true surraat d ^ i t y  
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&ay beet X I f  i x i f . t o  effeat of. . ;
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I© la re s tlg & t* a : i i i  n i l?m  n itra te  soiatieas-
In  any le t  11# to s e  workers e la in  tha t n i i r l#  sold 
is  rsJLued to am*cjalu» xdtrate fe r ir ^  e lse tro lysis* to t  . 
tony i©  sot report any po larisa tion  &sa ^ areiseto# So 
work to n .'to n  reportsd on t o  e ffen t of nos^depositiog 
n& ta lX ij nations# although &tfUUr ( I )  t o .  die vaseel t o
probable o f fo n t of iBorganln te lie id s  imm  a
"■' • • ' •■' • •  ■ .; _5 •'• ' . - . . ........ •.-
to o rs t ie a l st&Mpoint# while- Bamb | i |  ten « a s lj& fi t o  
o ffs e t o f sas i on tbs deposit* . ■: • .-■ *
. finis panslty o f Ir j tm m ttm  is  r *  s ta b le  in  
’flew of 11a theory proposed by ran t (4 ) t tM . .developed 
by Ig a r aM Bowden (a ) t that t o  ion is  strength of t o  
e le s trc ly ts  is  a. contributory fas to r t® t o  polarisation#
iM  that t o  ® ta r#  of t o  deposit is  in f lm tn s ti by the 
ra tio  .of t# p o s iti%  lo s s ’ I t  . to .  to ta l rn ito r  'e f  ' Xana in  
t o  so lu tion# . l im a  to 'd e p o s its  ohtoiBed-from e i i f s r  ■ 
n itra te  solutions 'art "so m arktily  f r y s t a l l i f i t #. sad : :- 
sho&ld therefore he g reatly .e ffected ,’hy say additions*  ^
t h i i  -sisttis-woali 4 a iii -'ideal ;.fo r an ezaaito tloa of ■ the 
i g «  asad; Bowden ■treatment'of the- o f feet o f iu o r ^ i to  
hojMLepositi% :aati©Bit ' ;" A*... ■ <. ■ •.
BeamanH  p..4  fa to t i  rtut* -'
$he parity  of. the s ilv e r .n it ra te  uni the © # to t
of prepare ti oh of t o  tie filled outer have item 
described e a rlie r*  ani- the-Xoliowix® inos^ania ■reegeKts .
. Vert.-used s-* - v
;■■ l i f r i t  aaid m^. t o '  mil rates o f sodium#": 
potassium# so,par# barium v i i  t&erium ware o f t o v l t o  ' 
standard# &ni vara u«*d without fu rth e r trc& to n t#
Eoaaver# the nitreto of lit* in: t atoiuct* and 
aluminium eould only' %-t obtained o f part? to ito& X  
St&Mart# tM to s  * *304 t o  > sere one© rt jryfttailift*d 
from re d is t i l le d  vuWr and dried bo for© uae# using 'methods 
desoribed by .Haller f l ) * - .
,:. ' ' to -/s ilv er 'nitrate was' made-up"in 1 l i t r e  b a ito s
of w&£ solution* «M ' t o  other sa lts  i a  SOOmi* b&ttoa 
o f 0*SU a to t s to t ie n * .'  .appropriate amounts of to ^ e
^olutioaa m m ,. tak*a and diluted. to f i f  a k working so lu tion  
of OtSuU s ilv e r  :.xXtto# plus o#CCI« or O to li added inorganlo 
s u it*
. -; ' Wm taah&iT&ea of measurement aid aathcde
preparation have bn&a described earlier# 3&ui e&tkod** used
;w«ro-ln-:.ali a***a fu lly  a f o i l *  s ix  rusa •
perforsmd on e s* solution# the . f irs t- th re e  of. toe©,were
t o  raws# a t c to /e p to w *  and in  a l l  aa&«.*t '- to  0 #s*$*
v a to a  on to.- see ora end to r d  toter&lnations "ir 4 to
<\£-o «*.«*!.
& ©-#te?.« fo llow ing th io f deterw itoioxio ■ of lu ^ ja  ♦ !  were 
made is  t o  way deoeribed e a r lie r *  and in  a l l  esa#a to r ®
•to surrant was varied* to oluz&e* were ds3reuses of o#3A/*:
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peas i t  la  that t_m 2 elements *e-nXeetre&e ■ ;:-v- 
poteabJUila ua?3 iai*r that of eiltr *rt' Mghtf. %j 
with hydrogen la. udalceX lm?t X&rg # u ifea ts
0n..the deposit t£ -* liter* ■ ' '■ ■ ■ ';"' v : '
It is wrong to pii.it to# mull eicptas ta '-©a the . 
ftspaiitj-©i Taints in taMt# ¥ Xa ar4 vie for ti* 
po la risa tion  at ;eiti3€? these va luta ware ■>
obtained maaitr different experimental n^lttioss* In 
gtntrnX* no: d i f f ic u l ty  m$- experienced--t& e t t h e  
.cputiu faimita isde? gifts 3c&iitl0»* #© that although ' 
no .attempt■ me isal© ^ to repeat the "raus-on fresh c 4 pits 
o i isolation* there aeasis m  m m m  to suppose tha t they . 
would reproduce f l t h  lm &  eeft&Xaaiy jhma IM  y&luen im  
Hi# standurd e^lution* - ■ fhie if lew was eenfir«A.d wlitn# 
a t ter. an In terfax- or ©§rt than s is  seleaiad
typieal Xations m m  'end gate identical results
\ ltfcla u m limits of experimental error# \' ;•.*•
ji]r?eamw$e ©f ♦!** * oslts# f . * -•• -
■ ■ Sir&o ea £ «»w f y- Very ©atLod eh&sgs la  the  
.g ra iu -e ia e  0# tna d e p o s it observed# . I t  seemed th a t  the 
t h o r l r a  s a l t  & i* h t  s i r e  m re ry  s l i g h t  t im im t lo n  on the  
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m§n a i i l i , i f  the .m lirooaopo* beoas&a :'the t l i t  t f  .the  o ry o t& ls  
ra& U i * groat do.ol* uariusi end •potasjilim also • :>
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^ J lb the- aame• 4 * ’ pim l ty  vna animi&terad* . I t  % *s in  
f * j *  to a ay'.that ■*- ion hai :\
ostiE* pm in,else l a ;H it depoait# ' .On this -basis f'.the.. . 
East tfcoory. of - polarisation pot *nU&i$ • wouid n:ppmt to Ins 
lasklsi ia ®ojs§ reepasia*. .anso ^ If ."if aaaapt the aoneept 
that io n i j  & lre ^ th  of %M solution is  a n -i% # rtr,nt fa ito r*  
th&e there abcndt to some ©Wlims d iffe re n t* the
deposit* from x, sii^X© » ii? « r n itra te  fcol^tion utvi cm 
ao&tuXoir^ i&r^e amounts of allot a$He$« . ‘
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l l to r s ta r i i . m  t i t  $ ttm is  of- mg« i o .; - -
addition t«*o* V*. in  olootropl&tin^ fcatfca is y ty jr  #xtoBii?e#
In; oiiiror daposition* .Ewa f!|--:sii as
IfO f  stud lM  tfco <*££0 3 1 of gtua t.M gaialipe tirtls#  .;.:•
oAfeftroroy. o f a ilrs i* deposited from, s ilTs# js i im t i  so lu tio n #«
fills ; invsetigatlon mm% of . ths m r l f  wort* wms 
aatmrmlly d tre s ta i sort a t . improvise tha dapo&it ttom at 
ia to 'ffc ij *Ufc^ po la risa tion  j&a^i^neu fh ia  Am im  to
a' msafml «ltotroplato:' f x w  nosway &2SI& 0  solutions 
1$ m M tm ta s ia lit 'Im fi#w  of t*n t t t l o  a ffec ts  o f tbe 
la t to r  . t f f#  o f  -, so lu tion* " fim. mwk o f Pussy& nisi l& ra t* '.  
(a) nLou^i tlxat dosplox i@n itT w x tim  ia  l i k o i f  to  p la j a 
f a r t  in  :t^®,pro4uotloa o f smoofe. d&posits* te% ilia so
414 m %' attoapt- io o o rp t ls io  t& o ir work to 
poI& riiaM oii f@t#stiala# . ffe* work o f assess (3) wi&ok 
ghm^i %%&%■ tu im x m  i ^ r o t e t ' t t t  a i l r o r  deposit from 
n l t r a t t  'io iu t io o o jio -e f Intaros % l& w im  o f Shrair as! 
Im iil i1!  {4) im paatlta tion  o f tka aro^JLous offaota 
protugad by tb&t Aabai&tm In  sold soppor im lp M tt 
so lu tions* l%ft| 0 io ^ d  t in t  th is  was oae o f tbo fow - 
txaafliis  © f u n  addition a&snfc whlsh m% only imprw#4 tbo 
b r lg h t it ia ^ o f tlxt daposit* but also i tn r ta s t l  tti# ■ 
po la risa tion *' 1 zm&®t of authors. &&vo sho^ss m lfM r . 
m&t&inlsg ooffipoaisdt to fa  fcrlg&tasin§ agents
i i r s i i t t r  sy&al4o’'b&iM fH )# ant - is jn t r  C§) ..aoaaidaro ■ 
tha t In  su&h a&soa# scm auteiorc&sopio fo w  o f a i l f t r -
Cm tm  J* 3?<a£t ast L.©roeXay (?)*  ..who-. •:, ■
triad' w #£ a 1 a ^ u 'ft tdai-iiiroii* cm**iasr tta  fa tty  m iiM  
I© I t  p i t l i f t # .u liile -ia iX Iw  f i )  asd M«. ■. »
oofmrfctra ia fo w  By&r$xjrtilts*.a ©m 1&© itk to rs tis& l nM®#. 
JM lier i f )  &M Im g rm fm -  asd i l 0),-s©$® .to
fa fo w  - itU M A  ■fwsa&tlaa an H it import&sf: fa t  to r# ,/
: / _. I t  m *m &  d&nir&fci© to  ra*®xamj.2s© tlxo
offa®is o f ^nXyhut oor^our4sf liyd roxyao it^  as4 a m ijm ilif t  
cm tii® polarJU&iioxt potaa'tis l* sb4 fm® a&fcuxa o f tlie 
&9po$it o f . a ilire r from B lim t  u ltra t#  w la tia iu i*
fte^^n fs  i s l  ■■■?<& '
fb® tsaiudiuaa employed wjxo pro®fatly t lx  tamo 
an t«*c&e to©4 1b o^aiioB f  I*  ram®Xy# «a$U so la tiaa  ma nm 
i&ix t u t * *  tl;e i lv v t  fm m  datsrmisitioBS uara o f ru t*
isd. war# mlao i*  a tta in  o cm liiio ix  o f o l t i t r o l i t i®  
s tu M i l i f  # ' tM  lo s t tto*a dotermlB4ti#BS-. « « r* . o f /% - t  # ■
f ix  f o l io i in i  r*& g an trm m -
©mpi#|#4s-- ■'■• -:X.:.X,; ,:: '-,:i >-:"--i..,..--■ v,-\v , Ux.
■-■■•";'- ; ; ■ jy»lcoG©©tia aoMf -d iir to -a s  id ; : tartari® -ao l& ; .:
ami glmm%  m il■ o f Amiaft st&M&ri#  ^ • i t ia f i f i t t b lo a m a ;  
"am i/'tk iog iioo llia  aoil- a i l  o f i* iu X * pur® , ©iismisal■■;?■■.,_>
-at&«4ard* i; fM  i jm la l . « l i r  i t t ix  fa io l  -feafora us#.* t : . f l it  
■pur® d&amio&Xa worn© •ttstd at obtiifstcl* ass®pi itis t.&i©ur®a 
:ftlwa* jm ifty  maa 4«&%£ul# iM ' ’ tlii*-.raag tB i was ©mat • : , 
-'$*®ryataUis*& from tiot m td iiitill@ 4 w attrm M  ir fo d  toefoara
' Th® m% o f %i~# &%% p rm p ta t %j
■»?§£.! asnsltem  o*m* =:;, £&*’£*$ lipdro^yziUa sliow u — >
. t t  aasp la^at ■.•t&air lm?sp fc$«m m iia lf■ 
u*o4 as M i l l io n  asiS. i l  , k l  €faa ;p rop«tii
W »  a&o&Li &a u^fd n i l l i  s s i la is : a i i r  ;:.m
.p M ili if  :%ate# ■■ S al& tfm .'ia  ..a 
a i d i t i c m w  solutions,. m l.-
$g&&oa$$|t$ a«M tw'd&oa&a m- tp p ia t l  of jw&a&l# 
% tto i$alig  p ro m ts ' 6i  i f l a l l B f * ' ' ; 'gltaas* 'g*loat»& 
m  t | | ) i t a i  ,of tha aMifcir©# to p lating
fentliS#;v;, ili ic u jm  &g$ i# ts  f l l s l i ; i i i i  la  oopisr ©ioatro*' ■
■ juad-1&. a Ufc*£jr n j& rc ly * !*  pro&2ut. of
#ariem t ia n ip M It  Iw M tli i ia t . . . . l i^ i 'w d  an a I f i f m t t s i f  is  
aMaaraial. a i l fo r  a^aaida p ia tlag  so lu tions)» , v f i l i a l l y ^ . 
t& iagi^vOllis &»id wm a?i c auipiau* somporol-.
w itli a i i f f& ro n i 0*& ll® k  frou  tMouroa# '/v i^:-';-:
far as possiMt* a ll i-^ a reagaats w o  laatt 
a t two" gossip, c«GCl£t and 0 4 il#  la  %hm
oustt @f tiie aw«oxp&aid«f o fcfcot oo&a^&t rations wor© also 
u&ad* ■■' la  ©©rer&l a m m t pa rti.r ju la rlf tha t o f ttsa su lp tar 
ao^oar^la# i t  mo fcsiM fc&at of©a tM ©*OCXM solution - 
t©Mo4 to .gif a a alight pro a Ip i tat© ©itSiar of tM M illion  
a ^ a t ,  or of soma ia&oluftl® r^ a itio s  product* 
solution w i litlon tlsi toasinlfation iM Isa ttt , asi was 
s a tiifa m i w4t&y©©p©oi .to'ilMt iB S o lu Ilt umlatam#* ; ' fh& 
m  Iphwt: §mpmnH$ a i l  g aft wMtt prooipltaita iM ft fisaXip
dark t#  mm- aoia^lex ■ -
dsao&poaijag 10  n il ir ^ f  s u l i ^ l l t * '
;: • O ll^S flS t SMI®t * : t&8 itm SlllX i ■■
, so lu tion  {CbiSl ,%I0^ }/.m 0 . mat I .  .throtctout tte-work* ■ Is  
•:£os*ral» \%M mmiXt®: imported ^ r #  repeated. a t ■ t h r ■ ;■•,, 
fiia t*  -,tet .eeleaied solm tioiiii mtue 3'm<:«d:.. .-after. as. iaterT& l 
oa BosiM* &&1.-agreed o rig in a l ::.a: . ..:
the lim its  o f ^ tp a r in ia ta l'-e rr^#  .
if&pey .to s t& l resu lts a^iAmwarame o f the X** posit# ..
I I I  m m$m d id"as M i l  t ie s  ngosf lo w ir tu t
- I t  %mM bom m t t  th a t iW 'reagastd
i$mI f  - I t  divided lia to  t*o  &LetU.3t f  r#si#s om a h&sie i f  
th e ir  e’f fe e t 0 a fch© deceits#*. ■ "
fml f I t  r a l ir e  group l& ld it imro&cod the- e+p+'p» 
and re iU iu l ti.a gram ~ l*.i o f iti# da posit oenaiderefcif*
. ,' fh j tlm ia a ^ tire  'g roupwhizh^kllQ tm rea& i%
-.the ,«*ptP#* t i t - B i t  ftpfr®diatX3r;ateaag0 :t * dapoalt#'.• ■ /• - 
f lu  f i r # ig r im p .00 i6pri« td :'0 f--a ttri« ;ao id^ .-tartario.-.•aidi 
aa iip -a tttia  aeid r * i  ga la tiaa * .while. tM  aeooxsd. g»mp 
o#iisist§4 o f l i i t  r a a p - a $ i d / - e M  giseo&e# 
as w i l t  b* ««m a xcunber o f wetting egenta mro "'
also i is f t  la  tfci*. part of t m T^rk$ asd when they %lom 
m m  pr$£9&t la  tbe so lu tion , the? befcAVsd as somtors of 
tli# isastive gromf*
.©jo axperifiseat^l resu lts w i l t  -.dealt. with, on a .
husls of t i l ls  groapiJOg*. - .a "': ■ 1 "U.v- .• ;
•* 3 ^  ^  11* S ^  t n #
; . X£u s o ia l iM .m f  i i& iU d  tv **<AJOCli£*«
m ' %.£$- §m*ki®$ : i ^ « u ^ 4 1 i i  fcSasua. titis  a wait© . ■ ■- /.,
s*v a* ;.-,■ (Par«aa®aW2r;;
4H; im u lm lit  4§®14>« .; tO-;;
:, /i'f#a -a i.:fe i msai#/ ■
a in tm Z* ?,<•*&• x^ l^tn obtiir*2i will
t ld a  aaiaU©** are 4a taalaa ?Xia w-4 vxxfc- M e v ,  '
mii4. als# im H&s* 14 II#
T'^le Vila*
*2v t /t»$ml..iis# o#£&: # 0#0#C4HS' tMcmraa* '
..-; #CiS## ##A#B# ;?. :;■
.-.;• t  ***£&# -■.'■■'.■■•I. - ,.-1  r lw* ;: J*§ 1o.E0 1
■ & nr# ;i4 # f : is#s ? ‘3MU ;,
W'^ #l». ilil#4“ ®X*4 Hi #4 El,*4; S i#4 
■:.  ^ ■ . ta-b1® V il^ *  ' ; -V.
iwX aa& jslwX. in f i l l s *  c»&£& i^40^.^ ' Ci#Cv§CilM m im tm *
f. I  43 3«assi, by 6, gi/Sii*Ss5*/iQmi®0*f ?»&*B*
XffiJU. 10,-v so,:: 50,;..- ? a , ' . v .  »0..; XlQ ISO 180 
» 83* ; ti« 8  3 l * f ,81*8 S l.S^S .O  :SS»0 !28*3 t2«5;
%  a?, SO*4 £6*4 80*4 SO*3 r v >  30*3 £0*8 80*3
:. : \  : .: la  sli:3a3§a» i^ aa deposit wm -s ia t lc f  to that 
eSstaiaeA from a ’elapl® e iifs ?  s ifm l©  ss la tioB , &ai so 
v is ib le  brigbtealag w a rre d *  S iis  is  p.i rs rism e  vitfit 
t te  fssst-t® rsportwil by hsssa&a {3| s&sd also sbovrs tfc&t in
tbs sass e f s i l f a r ,  ta lsaw a Isireasss' the pg la rlsa tiea ,
* 2& r o & &  a  u i a i i a r  a c a a a u i x u ' i l w a  l a  a ;i l 4  t o p | $ r  : S * u l £ l *  i t ®  .' 
$ * 4 u t l a &  d ^ a r e a a c i s  t a t  p o l a r i s a t i o n * .  '
' I n  i & o o a s o  o i  % M  t h i o g i j r d o l l i a  o t l d  ® o l u t i o a f  
t l i t  * K l t i © &  i f f n t  t i n t  a d d e d ’ t o  0 * 0 0 1 1 1  a n t
t & o  l&avf p r e f e i p d t o t *  t®fm$ v^s f i l t e r e d  eff*.-; ’
i o l a t i o B  w a s  m a t u a t s l  w i t h  r e t f t t i  t o  I t i #  t c - m p i o x  f o r m e d #  
f l i t  r e s u l t s  l o r  - t h i s  o o l a t i o a  o r o  e J t e t a  i n  f a M e t  T i l t  " " ; 
a n t  f i l l  a i l  i a . f i g ^ *  U  a n t  I I *  L J  -  r :  ; .
. : ■ \  . A  s  ,  ■ ■ ■ T A l o  T i l t *
$ & *%  i & J i i  a  •*« t  . j r t  f ? n  0  ••v0 # f |  *».»*, 4  0  v v X *  l j a c 4 1 . l t
I d  § v  #  * M y  0 4  *  a M * #
A v^a 
f  s & f #  #  . :■ -■'■■- — .... - • - ...- i........- A ;....—
*  33*J $ i; 3 * . l : ' . 1 0  ■ 1 5
■V* f i
■0 w .
&  sr## . fl.*4"■;'"iJf *??  ^ .. W V f  # ^  ♦  4B : # 1 2 0  # 1  : 1 0 , 1
\  m *  li*t ■ si 1 5  # 0 A § * s a -  M*t ■ , 1 $  * 1 : m-
b- I  »M a,4- I  resu lts , C«20JI -2*03 + S,oCU thieglyaollle
sa id , I  desrsssai Isj c . : i/s j,,ia ./1 0 K lo » .* ?.A,3»
. l a u l  is  as so.- ?o »o l i o  iso ;:iso 
a m?* ttz*1 84*1 8 f ,l 8?* t  81*3 S0#1 31*1 33*1 
aa m *  18*5 is* i 13*8 15*3 iS .l 18,115*3' 18.3
j^ s la ,t its  4®|>ssit m s aearssly. ars,s t« S tl» , a s l 
differed ffsry l i t t l e  t r m  the at p.’s i t  ©l?talae4 fmm the 
atsustorl'scltttiw**-  ■* ■ :■■■
:; she. sJA ities ©f glaaea® m s set. attested hy 
p rs a lp ita tla s  l l f t l s a lU —, * X therefore Seth c.COM'aal 
«.2Si seaeefttratieaa sera used*
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In  both I I I i t t  appeared to I t  w  r&taafcio» is  gmlm
n il# , of tli® deposits* u itto u ili tiiara na^ a prosou&sod 
inmreao*-;!*- tn& 0 *3 *?«» ilia  await©  fo r  t  w .more d ilu te  • 
de la tion -m® graphically in f% $* l l . t M  W #; f l i t
earren fo r tb@ s t;fos§ tr. eoitofciejs t r t  sot sfeoezi, but they- 
reseat I t  **,«* fm m w -m m tm lm  eb&po* *&& tfc* e*s*p# 
tralme fo r  t l i t  um stirra t; itJLutioa w**$ &$*Cw# &%
B tfe ilt# ::f o r ■i&eb&#tive :'teottW'©f M & ltt im  AmniB* ■■ - -; .: ■ ■*
f& U  ©omsisiei o f i i t f i n i .  ie rta ite s
aril &U &art sjsoetli : ; :;
depo&iie# ffeitii# I f f s a i is  'e f-ra ry  un til, -g ym lS 'ilitt - 
aai e&oeod. iry s la ls  Oiifcer to the
uador tb# © i t r t t t t p t * '“ i l f r t f t  m l ta r ta r ic  0,3 id s -m m  -;: 
m sM  a t ' i t  ^ '© .*0011^ © *tf!M i' i M  c * ¥ & I and a t  a i l  : "
tb,t t t f o n i i  t t t  w r f  marked!? d iffe re n t 
f ro m 'iM l t#  &;:timp3Lt; t i i v t r  n itra te  sclu iioc# Howeveri 
*a  tk#.? o f '$&&*& ro&gemt i&sxe&sed* ibe
n»oofcldxi& e ff*3  t  1 up to §r smxlma^f a fu  r  vbieb
■£mrf&#r M il l io n s  lis t ' M  M £ii#W  ^ a lo o , tbs dlffexo&oos 
beieeeir tb t pM arisM ion  w la ts  im roase l as tbe m tm n t
during tl© of
fits r t iu l t s  obtained fo r  o it r ia  a®Id am  nhmm 
Im  fable# f l i t  t s l  -¥l i t  ^ iboae fo r ta rta ric  ueid In - 
f t f rU *  ¥X% ¥ IH i#; iiM Ie -ftU '-tt» 're«aX t* are 'otosm
grapiitalif la ' l¥fXafl i # cM.JSCU Ibotograpbs of- 
ty -fld e l clfp© sl|i 4io *w<h z* is  £1$* ^X * - Is  # .ii en0#s.| - 
tb# 4#po«it4 were g r f i-  l s  eolour* M i i l i i i -  •
m lirM to p t %im -: deposits. im m  pm  1 mm:r ^oseastr^tie.ns of 
ai.irl#- said beaded to be sMmlar#: t&ose from solmtlom  
0ont4isi,Q| te t la r io  s a il were moll. smooi&er* Is  a few- 
m m & $ tu t &ig.&er eoseestsaiios solutions' exhibited ;; 
B t ig M  i l l  tb# ia-fosifa w t»  m r r  M f M j
n t m im 4 t na it' stewa bj ttia. im %  itmt m  f t m
t&e ike f o i l  sat&ode w m l® I. mf t ’ u t  ©a' fis tte s is g
m t $. ib# deppsii .showed s. X&rie jro$&« of. fe-sir erssks*: 
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Introduction#.
■■1 tbo, bright; deposit obtained f tm  m_ agitated : ;  ,
aolmtivH o f §*SSM i f l%  -4 Q*WK sold, and the
jf&at th a t th is  o ffso t w o ld /ho t ■ b« reproduced .readily ©a,.- 
a. fresh sample o f the ao la tian# was o f p a rticu la r in te res t* 
I t  was th tr© fo »  inoM tct to'make "a more s y s te m t ie .,■ 
ia n s t i fa t io i i .  o f th is  so lu tion* , ;; ;
■ It-nfaa -a t^ f irs t  seasidered that a e r i t ia a l. r a t io  
between the ct * jwntr&ticm . o f ttiii s ilv e r  A  t r a i t  m  ■ the 
emino&eetle said.was necessary in  ©raor,to. -o^taia.;tho' 
feri&bienl&G o ffee t* . iM  therefore* .severa l.se lutiers were 
exasiaat w ith a iffe ro n t.ra tio o  o f the ..tee .eomtltwsuts* - 
However* the o th e r.fa fte rs  i i s f o l f t l ;1b the.'deposition 
presses as $H# rats o f .agitatiea,aad the method .of 
I# I t  m il l in g : & *1 Curves were »©t precluded* '.-;•■■ *sd s
.■■.A.utamber o f .aolatioaa wtra ami® up* a i l  of 
whlsh had a a l iv m .n itra te  uouoeiitrablon o f §*S5M# b u t’la  
which the soaeeairaldea o f .sasbioasetie asid varied from 
to flma; t&§ ratio of .thaeempomats was
varied freta gm ater to-less- tmn'mm* . fhesa s©lutioos 
wars. Item o laatro lp tioa ilar. a tam ilssd .h r e leotvoljrsls a t . 
O*0 &/s£t te*-.l*i m m tir ra t .3wA4itloBs* . Attempts were then 
mis to obtain a b righ t do posit, fro®,,those seiu.tleas, 
using m  f a r ‘as possible :the same technique-as* was 
o rig in a l I f  asod to  determine % *1 eurves* that' is  bp
mfnnsim§ 'ualar ag ita to d ^  l i l k  do^ro&olog' ouarroaat#
- ntliougti a l l  tra notations gara &om ferl^htooiogi 
Hit dopooit mm in m m good &© ftmf opigiosliy* 
0&tj&i&$&* ." iiw &*3»p« m im ts foJP t i l  t&« 3®/solution© ©$$$ 
of,th o  «ojs3 ordor as to s t  foap t t a  original so lu tio n , :i*e#
33 .tor* foar tko m s it iw sfI  nM. sq#ow * fo? tlit .stirrod-. , 
oo lu tio ii.o t t**$Vs i*to» TLtis ml&iim &®mmtmtim i i f  
»%■ oppoaf,to a tta in t f  or-, t t a  ltl® M #M a§ o f fo o t* . ;
fm mM ©trios o f osparisoasta w tta -IIrea ia l  
towards fiM iB g j&oU&or th* oppareat ' I tn s ily  »  ■
tfcs a © & tro iiirw f&stsar# && £ * i*  sotetioia soBtaiotag •'■• 
c#8£i >  0*%i» sja lasasetit 'a s i i  m s  r&& &i d if f tr o s t
zomjt&it tar root a t m i i l t t  in  t&s ra*3gt §*l i / i f #Im* to- 
d#ca/oi#to* 'o o & tr  J t f l f a l t t  «os&ltioss#'v' f t a t e i f M t s t  
i t p o s i l s  i s r # 'o t t & la t d :iwm- tit® © e ta tlo a  to t io t ta  1*0 ta d
. apparoBt. smraroot # %mf nfiilia tit® M tost
o f  . fcrigktt ai©§- -mm m%;0 ©ap^r^slo :to  that l». tMt oriilBal. 
do p o sit roportsd i s  -v s i io a  fix# -, This, ratriatlosi* in thrn
■epporoot siurftmt. t t a s l l f  fa s te r -
in  flit proasuUo** o f ferig&t; deposits# :
o f n$l~* t  £®posits*
ftm *#**% .step.ooas&Hsd o f IM  odd itioo  o f ©mall
o f a t id  mul mlltaii to  i&s ioimfloii* . It i s  
WQllkmmn Um%' t M 'smliioaaaiis ^3 id  M itsu i©  •oasisto i&
' solm iion as-a o f tis® forsa***
"t"? .**7 «%*? *%* f**
ftp i€ '4
£# fey IM  traaafer t f  a pyot^a
from III# oartioxylie sold gtonp to  itie miim g tm f# fkua 
iM.it £ 0  m  s3ii*ba$# reaction, ®cd m  mmb§ tint e x te n t to  ■ 
wMsiii i t s  m clttm ii t i l l  cox ionise is  gerermd pH'
of t i i t  ©elution# ■ a e  refers* In. aeid iD i i l i i i a  ; t&e ' - •
iac taa tion  o f I  ho m im  §wm$ fw tilsii in  IMS sms# asis-as 
a proton irn o r j ■ t i l l r e p r e s s e d ,  and f l i t  3w.rbex;;l group, 
t i l l  inks up a protoa# learing t&s ml%mM  e&tiosle* In 
m m  a lk a lto  aeiutio&s, l&s rtre rs#  occMtiosa w i l l  c^anr* 
Tkm %m j l l  o f III# so lu tion  u i l l  se& tre l i&etecdener o f  
1 ^ ' m im m o il®  a s il to  migrate t#  t&o .eai&eda#; ..Eowrer* 
the m lm m ii  w i l l  ..toad to re s is t s to re s  in  pH i f
.adjuati%  i l l *  extent o f leg&eail&a# & a t  ia # i t  t i l l
H M . I 0  bu ffe r f l i t  so lu tion  to  i t s 1 0 0 & #im iliteim i3 |S# 
Eex&e* traoo oddities©.of m t li o r a lk a li w i l l  m t  
ja a to r ia iljr .a iio r  IMi jtl#  . ,
■O&.tba ei&er M a i*  ..sup s lig & i imraase is  iim  
hg&x&g&n ioa  ae&eentr&iien nay t s i i  isert sxtemiee 
adsorptioa o f the protoss ©a i&e aal&oda* o r*i f # as is  
tm ita  mmoxdn is  ly lro lis e d 'o u t o f the imimaaii
sneleeale, the a&KOf&aai i#m ML*>i be &iS0 :r1sei* f  it& e r  o f 
these proosssss might It tits m ttro  m vm  o f brigM ssiijg* 
I t  was ■ therefore i t t i i t i  to  oznszim the of foo t of 
additions Of .n it f is  as id  and aassrosia to I ts  so ls tice*
. fiis f i r s t  addition w s4 uas.ultris m M * A 
duantitr of e««?^tr*te4 nitris 1 was added'to a 
pretlcmsljr e le e tre ly tle a lljr  s tab ilised  solution until the
s o i a i I #  m itri#  'as id * : fits. eo la tion  was :•;. 
i&$& t m  &gitat0d acBditloxus w itii fa r? iag surra a t .
C%~X m rm )# " ’ fH4s' fa ii# 4 ' tw di?a a b righ t depositf 
In  fa s t t&a deposit i n  'sotiaa&bl? lass smooth, altho&sh 
the a -X rosa ita  id e n tica l w ith tsoas fo r a s im ila r■m ■. ., .   . . .
so lu tion  without added xd tr is  &ald# Sims, add ition  o f ' 
m ltr is  asid m i l l  not ferx~&te£ the deposit*
m x t attempt was r ads.w ltk a&aorl*# • -. a *
so lu tion  p s  mds C♦££! A£&<i$ *  0 * tM  cisXsoasttis a ^ lt ,  :•; 
m i:  am /to  2*3*'.. wossia. was: Him  added to  a so ^s& trd iio a  
o f  aBdvths -.soittttss' e iestroiyssd ttr lo r  agitated
oon iitiona w ltli varpis® .cud* A w r f  markoi increase is  
■feiglitssss o f the deposit ms ofesarvad w&ish persisted ercm 
a fte r  sorarai t ^ m m  m ln j  a fresh aathodo fo r aaa& run*
:-,. ; . i t  to  wam isi 'tk# :v; r
.y*rious fM m t lt i ta ;o f  ammonia; :,fcetlx os tins' poXarisatios, ; 
ejsd;-o& tfei,app@ar«a0  o f the- deposit#.. '• f&ia-.sras ; i^..;;. ■ 
aoooap ililo t itt.tts:foUawiag'-ww*--., Ait K*a*; co ltttiea  G»&£& 
■to .both a i i f ^ r  and^minO'aoit 'wms tts tf*  ■ M s  s o lu tio n  
l i i  ^isa fa fe ira l,ttaus: wuads? agitated;oosdltiesa a t i* S i/s t *  
dBu*«iuti£g.'a^rosfe aatleda fo r  *as& r a a # o * & *  wad 
r§praseate4 : ta t :-j&idIX# o£.,t&a.-©ost a f f t o i iw  s*d* a » fe  as 
prorloasi? dfttasaindd* Bafora s ta rtisg  r*mt aismonia. 
so lu tion  ms a&lad* Tim tuasoBla was C*lttf ant bjr adding 
OtOdsl# the ocaoaatra.tica o f a i» :o ia  oomlt to  iasreeaed 
fex‘G«vU>v*l& stops is  t*a  r tM tra ly a i*  a o iu iia a  without 
M to riaX ip .a lta rix^ :tbs-.oem da tra tioa  of..;© thsr;r«a?«ats.
A typieal series 'o f rdns are shown inf^ Me.flXIa 
in  whioh the appear&na© of the deposit is  also: reported * . 
Ihe ■-table shows-that the addition of traces of . ammonia ■; 
make ■ the deposit very bright »■ hut. above .a atrfain 
oonaentration (0.00QG2H approximately), further-additions 
not only-do not improve the deposit* but actually make it 
less bright* ■■■In-the later m m ' (% onwards} # there was 
a;visible 'preoipltate formed,.-possibly of silver-ammonia ■ 
eompleX|/sO'-thai' it is  improbable-that the eoneentration 
of - the ammonium ions ever - attains & very '.high value • : -:
fable fIlia#
m^*t re s u lts , 0*8511 igSOg -> 0 *2811 SHgOSgOOGS 4 Ammonia,
■ 1* 5A/s<x*dm*, - 3f#:A*B ♦. 
t  mine# / X ■ " 2 ■; ■ i  - 10 15 ; 20. eonen# Mg deposit
n^ mv* 3 8, *8 25*1.23.*$ 84*2 84*1 24*1 on — cioi /■ a ♦.&*>■■
mv. ' 38*0 30*1,29*9 29*6 29*0 2?*t 0*0000lM - . .. a*b# ,
Ug my*. 38*2 33*4;.31*5 31.5 31.5 31*5 0.000021* . ■ v .b .
n4 .my* 33.6 31.1 51*5 31*5 31*5 31*8 0.0001K ; ; . ; b.
*3 «?• 33.4 51*5 31*0 31*1 31.1 31*1' O.00XM ' b*
s*b« s  s lig h tly  bright* ; b * I  bright
v v.b.--*; very bright* •
fh e .table aIso shows tha t when the o©Editions are sueh as 
to  give the b righ test deposits, the po larisa tion  i s a ^4 
m a x i m u m *  
. fhe problem: now arose as to whether;, the aotive
~I0?~
constituent o f ,th@ aiamoMm■ was.‘;-the;,ammonium o r ,the . 
hydroxyl; Ion* . ,., fh is was - resolved by.; using . a odium..;,, 
hydroxide in  place ©f the. ammonia, when i t  was found.,that 
s-omparable; amounts of'MCE would also brighten, the .deposit* 
However; it'seeined -probable that the ammoniura ion plyy&d 
some-'part"Ih the process, sins© the-'sodium''hydroxide did 
not-'brightea as.w ellas the ammonia*./ A-;
', - ' In ' order to show taut the" e ffe c t was not .
speaifia to solutions oomplexed w ith  aminoaeetia. acid, a 
series of. experiments' were performed using ^-alanine "A 
(d-aminopropionio as id ) in  place of the "aminoaeetis .,aeid*
fh i a wo rk was a ompl ia ated by the" fas t  that' the ‘s i Ive r/alanine 
complex is  hot so#soluble as that between s ilv e r  and 
sminoaoetic acid. ' A" solution  was made 0*8511 to  both 
reagents, and the resulting" p rec ip ita te  f i l te re d  off*
She so lu tion  was then run, with" additions o f ammonia, at 
1*©i/st*dm* il:l agitated'eoaditions#'"-"" igain^some A 
brightening was' observed when the concentration of .ammonia 
las ©*OGQO.ISlf ' although'the-effeat'was not" as marked as in  
the'ease o f aminoaoetia: ■ a c id # ; : fhe o*s*pV in  agitated .■ 
'so lu tion 'a t l*C l/s^*dm; mm' 36*4mv*:
I t  "Was'■■.also possible - to obtain brightening with 
solutions 0*0511 to ^silver and m im m e t ie  acid, but in  . 
’th is 'e a se 'th e re  was a tendeney :for 'the" deposit to  be very 
"finely c ry s ta llin e , and. th e 'e f f e c t ’was only observed a t 
low- current densities, of the order o*2A/sqt*dm| : I t  is
also' in tere& tii^-to-notice that in  a l l  the above oases,
that if. the ;atirring .was-iaterrapted, th®.-solution. .■ 
immediately 'reverted -.to ;.the norubright.typo* and in  order 
to 'obtMn a bright deposit, fu rther .additions-of ammonia 
were neoes-sary* .;
from Solutions
Although, attempts m m  made to . determine the pH 
o f ''the’Solutions. oomplaxed w ith aminoaaetie acid, ;these 
were unsuoessfml owing to p re c ip ita tio n  of insoluble 
s ilv e r  sa lts* ' however, In  view o f the extremely small- 
quan tities of ammonia needed to brighten the deposit, i t  
seems un like ly  that the primary oaiisa of brightening is  
pH- changes in  the so lu tion* ' ■: .H ow everit doe a seem 
probable; that the ammonia mats by forming small quantities 
of; c o llo id a l s ilv e r  o x ite f: which may than be adsorbed on’;;' 
the 'oathode* I f  th is  ..is the. east* pH may have the 
secondary e ffe c t o f a ffecting  the .s ta b ility  or> even the 
formation ©f the co llo id * fhere is  soma.'evidence to ' : - 
support co llo id  formation, namelyt ; the fa s t that the 
aonditioBs .of adding .the ammonia (rap id  add ition-a t ....high 
aoncsntration) favour.co llo id  formation* ■
A; ;; . ;By means’o f . ind icator, papers, i t  oan--b®: shown ■
that the pH ’ o f the - s ilv e r  mitrate/aminoaoetio ; as id  - A-- 
so lu tion  is  about: 5*6*.. ’ fhe. pH: © fa n . equimol esular 
so lu tion ’ of s ilv e r  n itra te 'and  o itricTao id  is  very^mdah 
less than ’5*0* However, i f  a so lu tion  could be made ;. 
using' sodium citrate., as a aompiexing agent,' i t ’ might be , 
possible to a tta in  a pH rnhioh would allow the brightening
action  of the ammonia .to- occur* ■ secondary sodium c itra te  
has a $S. in  ague on s. so lu tion  of about 4*f, and is  used 
with aodiiiua hydroxide-iii B'orensoaa1 a Buffer :(1)* . ".-A" v-■ 
ao lu tio ir 0*231 iglOg <+0*2511 Secondary sodimm c itra te  .was . 
pre-electrolysed {afte r f i l te r in g  o ff the ■precipitate 5 aM 
then .rxmin: agitated eoaditiona-at 0*M./sq,*dm*- 'Additions' 
of aausaonia gave no brightening- of feet, in  the deposit* - 
However, oa making up a fresh so lu tion  of Sorenaon*®.
Buffer of pH 0*0, and' using th is  to  complex the s ilv e r , i t  
was possible to obtain a marked brightening effect,under 
the same conditions, of current and ag ita tio n , upon addition 
et.'aaaaonia.'up to approximately 0*001H*
The Brig htening Ait ion of we t t i ng. Agents*
Ihe previous work hat shown conclusively th a t 
the addition.of-amhll amounts o i a reagent, 1 ikely to form  . 
a collo idal p rec ip ita te  with the s ilv e r  ions, would causa 
brightening' of the'deposit from a eomplexed s ilv e r  n i t ra te ’ 
solution*. ’- This brightening effect would only occur i f  
the solution lias not too acid* ,’fhe most probable 
explanation of the ■effect is  that a s ilv e r  containing - 
co llo id  I s  formed .which may then he adsorbed on the cathode* 
I f  was of in te re s t to'attempt-.to determine whether the 
active brightening, action*was the '■ formation of some s ilv e r 
containing' colloid* . or the' process of adsorption*
In 'an attempt to clarify  the position , i t  was 
decided to use-an addition agent which, while"being unlikely 
to form any■o ©1Xoidai substanoe■by reaction with the:s i Iver
1X0
io m  in  so lu tion , would'■ nevertheless-, be strongly 'adsorbed* - 
i»uo&' a reagent is  aetyl pyridinium bromide - 
I 0 x$%3 $(Q •. . fM s  substance is  la  ..fact co llo id a l, 
but i f  dots not chntaia any silver#  . In  order to avoid 
any p o s s ib ility .o f .formation of co llo idal s ilv e r  bromide, 
the reagent m s f ir s tc o n v e r te d  to c& ty l pyridinium '/ 
n itra te  {a*IVIt*} ;by passing a'saturated so lu tion  through 
an anionic exchange column * A solution..was then.made o f. 
o*a«.dgiJo +' o.esm + :o*oooim;o*p«14* : :m is  .
so lu tion  was. pre*elea froly&ed.to e le c tro ly tic  s ta b il i ty ,  
and tiieU':run-'in .agitated conditions a t various constant 
current densities,.:u s i% ..fu lly  annealed cathode folia# ' ;
Th®. resu lts  obtained are shown in  fable TXXIbJtogather 
with a Bote,-of - the appearance of the deposit and tb s  e#d# • 
used in  each rua*--:- fhese .'results are - of. g rea t .interest#: ■ 
they show that i t  is  not necessary to use'..a brightening - 
agent- which ..-reacts with, the .depositing Ion#..,; . ' I t ' i s  
lioweveif necessary to  use ;a\reagent which is  adsorbed a t 
the cathode# ' -Th® brigh test deposits obtained-with th is  
addition agent were much b righ te r than any;deposits■ - 
previously obtained*'1"' "It''m ust' however be .pointed'out’:tha t ■ 
in  Many oases the deposits from th is  solution were- not- 
uniformly b righ t, due' apparently, to some deficiencies in.. 
the ag ita tio n , and presumably.connected with the fac t tha t 
the wetting agent is  very strongly adsorbed* . .
.rhe re su lt quoted la  the last; acbmn of ; the table 
is  of in te re s t in  that i t  represents the only'ease in  which
Ifct jlw Aftxta*. « * ©kseyysI in  a m t lm d  sc&rntim *
a  * t M anilam ... i, © f 2 w«. 0*2CI E I^ S ^ C S  4 C,0001M '0-
■ ; t  W #
t  & lm * ■ % m  * ;■■ % / ®4 ■ aB
. V. ■ :.. $ a &»« *%# '; St*l ' 4a* s : 44,,6 : : 31*9
I  .' *33 #4 43*1. ' 38,3 '"..42*6 §9,5
■Si*# '49*6" - :36,6 48,0 3 f , f  . :
■ ■ 1© .31*6 44*6 . . S8,T 31,8 ' 8 i* i '
U  ’ ' .31*6 a § * @ ■.'36,6 39*9.:' 26*7
’ aa ■31*6 . 36*6 36,6. 3f,9  26*7
' 63.’ .« * - 45*f ■’#* m *M<
©*d* : ■ . ■1*0' ■ ■ ' 1*6 ' 8*5 4*0 6*a
dej'C&lt* i*  " " **V . ■ f*b# is, ®*i}*
s t l rx a t • :. 'a a s tirsa i.
ft: * a  IrigM * ■
- T*%* S.'TOsy
- ;\ ■ • aiailaur « ; t i r i r ^ s l3  "willi- as ardent^ m ttin g  ■'•
agnat d0i60&m *l**t&r^at«) aasi a a ro tra l
agent {pmimT$%b£i%®l) m m  - l l t t l *  ©r s# t^ ig iiia s isg * -
. satsa it ia i d«p©ait© &*© ofctaimd
;
1 | .|M  i n  ©f W  aapamt© addition ®g«atsf r l  laast ©u« 
©* , itiiali is aff^ agif a&sor&sd on t&e ©athod©* :
mitUMit a f t i i t  added *111 «igue ferlg&tedtag i f
i t ' i d  t&eed &lo@e* flit ppeeisd sigjilfit&»e© ©f a l l  U*S3
1 i l l  ta  imimm
yi # / f f t i t  © f• iftdltt£*v* ©f In t i n f •'•■£© t!i# solution#'w^?a^3Sffl«ag«wfess?^g«>Masa«wia«ft^
A StiEtiOS £10,13 UiV^t J f l l ^  f  6 |t  ^  . ‘ '■£2
.mijsoaoeti# at i f  4  I iA g * /l#  p & iu tlta *' ■ ytiis gctotiosr m&  
mm £b t&e ummX- *»j9 natog fsrssh *cra f w  r f w f  rm *. 
is  to t l i  s t i iT t f  m i  us&tirraA o o s ilt io s s i ’’ H i m  fcmM. 
t* At is  agitated l  X4ti.#.ii w ith m ty ta l d$s$ltie& l&,t&e 
tm § t 1*© t© 8 * 0  a fc r is tt deposit was
o&taXmd# . ©atoiwa t t a t  rasge# tta  was © t i l l
iF ig irt*  ta t  sot to t:m Bmm « ts«  t*  Is  tbs o^se o f t ta  
m s a tiw it so lu tion , tta re  m s so 'appreciable fc r ic h tis ia j 
efe&.at mmxmt densities as X#-? ss G»&£/6?«to«
' ' ’ tfiotcgratfui o f tpp isa l f io p M it*  icfetaloift is  th is
p & rf ©£. tba mrlc a rt ©Sows' is  f ig *  S4* ■-.' . : ' ■’ ' ' '
3tr?3fe^0..of .the v#.^o^lts# ■
to  &m attempt to fa*si tbora 0 0 /
ssoior e trartaxo l diff^raru© tatseas tiio sr^otlx rnii te i||b t  
da posits*.■ & c?s 5? £ c o da s i  4??&3$p;U OSw t^iSatiOSS- H#l*# :
ssdart^tas# :
ftp jr  i& lsk  dep©s*itt o f %£3j. pss ner# t a i l !  mp 
oa f t t l l f  aBStalet §atiio4a fo il#  %f -.p:r©l©s$®& 'eXaatroijsis#  
f;raw?#rae and umM®m  o f i t  posits
w n t out ifoia v&pioaa- parts o f t ta  : :,A.1X' £■*=&# O 3
Jiampltt $«re tm  fiiitalicgrapbi# ©saslmtios# I t
m aid  fe&r* taes toposalfelt to ta fo  polished e i  * fipaainta
* 1 1 3
■Fin» 84*»
{1} amoots Deposit { ££) d sooth Deposit
from Pro©
fariaria Aoid Solution. Amimoaaeti# AaM Solution,
( i l l}  Bright deposit ( I t) Bright .Deposit if)  Bright Deposit 
From. from Proa
ia iiioaasti© Aoid m im m m tM  m m  MXm&mti®  a©Id 
And Ammmd®. Soiutios And O •£*♦!♦ Solution AM AMonia 3olutl©
l i t e r  Polishing.
a i t . #11' t M spsslm m  m m  'plm^A 
tO fs tM f 'Is  a. la f  iliE t the edges to  I t  examined t t r t  , 
'in  He s ©a plans* sad to  tha t ,-they foss&d-a *a&ni*l3h* :>
■of altsrsrnta lasers of ;aathole ■fc&se sM depe&tt*- ;5l.#
ima .timm mounted ..is a tefctlilt-rtsls*
«.£>» ©said laot I t  fo lin lm i H ibom t -ihe-da^ar o f breaking 
%im M fla if. 'a tr  iasd deposit* : fh i ls M ii f  was :t a r t £ i l  ombs -* *
ikrangk.the a'3uJL ^rocHu o f $tmtf {I#  01# ©01* ©§§)
.maing f i i r a f f is  m  a Is lr io m s t* - - f t ix  f in a l po lish  «a§ os 
SelT^t s lo th  s i lk  ^.Blua'fceil* nM ; a im l l j v  the .
B^mlmn  wan staked fo r t#o mimtes in  a. m lxta rt o f . i jf  ■ 
p t t t i i lm a ' d |asit«  ar4 ©>> er^onima ■pexWlpMfco#
&iar©sa©pis exaninatios showed the deposits to 
aomslat o f sternly  pusksd small ooltusaa*- aatfttala o f - ■, 
t i l f t r *  ; -Sbin tmn iio ovid&asa' o f a, la M td  struatura 
a it t r im t t  la $ « s  o f . s i lT t r  umi oomplexlmg 
agents#'' l& ithey  wiiii i t  possible io ; d d tts i asf. d i f  fames® 
im Btm M sm  :%®tmm. tlm smooth m l  b righ t deposits# 
f ln i i  o f the  m iiros tna ita r^  o f those deposits
©omfirm f i i t  .work o f Sami i s )  wklah states tha t b rig h t ■ 
s ie s tx o i^ o il ta  i s  a t  issssaa&rilp layered# ■
,. ... vwT'jCh'W' tS4 TV'tf+SWi’ » T*?*'
11! *J*-JX {, iv i ?  v l ^  *4 I <» V  ," i t  ^  J , ^ - ' 'fH .»j £ * ’ 1
; % ^ 1? ' ,l >VuUi ./)f>
.• ■Xsitf'o itisrw .. *
■ fte  caters of tte  o^iteda test* lo th  witli regard 
to t o  *sur£ute ecsUitioa of &&rkto ^xil oiso tte  
c*lsx»tat£ft&f te s  a carted Xiafiu^sas on botft 'to  *truetar* 
o f t o  deposit t i i  ©a t o  po la risa tion  potateiai# " ;1P©:r:. 
UAi''£**&©&» &aisy. m'tots bum  attempted to  m m idm  t o :. 
.t.teMtttW of t o  da *■©£!£ profess! on fe tte fe s : of: defin ite  ?.
,' orisataiicn to ,  tUff^ra&fc c J  ^orkim* < I t  i t
i to ofetain e&thcds* all of tfhSte tew te«
wortai.' to freaitety' to nata© ©a tot* tei it is fairly easy
. . . .  .. . • • * . ■ . • • .  *
; of ;t t f i M. i i  oxieafc&tiea* 'Scf-r^i*, .v 
?try' f 01 wof ter a. tew, etemimd. to j^ X arias tiesr potentials 
., of «*iff eresrifi&ms ©f a iixtgle srystat- .in, to;eom.rse -of
-1 ■;■ ' - ( i i  tes &#terisl£3& t o  polarisation m
ox® gtm ing' in  a poiysrystailins cathode, and at."
tte’saM tins tea' ctorysd tfca tronto sry-atet wqAmw m .
isisrcseope* tMm mcvk led  him to aosaXufe t o t  
passlyatioi*. pteBOsana played sn- important part is silver 
deposition* t o r r ? « # te tea m fe  bo atta pt to  exanlzia 
tte atrasture #f to deposit* ■ laitof iM .Mi to^ wMtera 
|a} t o e  repo rts ! t te t  oBiy m r M lm tm m ■ 6t,..&-Mllr*x ,..• .
ssteitions^ ef earrsat 
ami a#- t o  ftp& te i-som nt. t o » « e s f more flam s 
start %& is p s a tt# . '
la  wosnt years* ^witeey and te id te lse r (5)
t o t  rspests 4 w y 'f m a t  d iffa rtm ts  in  t o  s tm t tare of
**1JL HU* ’
i t p e f i t -&M: pk®m&:-of single
OffHial,* : aagig:'w^kf» {4f'hare;.;,
r* i  cried ■ *■■■ p^mmmn^ :%t f  gh itm ltif: e ffe e t during. tot.-- t ;
mt. m  eert& iirp lanes-o f ;-
o t ;  t u a t  m o t & i # - ;  -  V , . , v - .  -  ; ;  p  : : ; :. ;v ; .- j . - . - , .  ■ -  , . . -  :r r
th u s , it  seemed th&t an t^as iis ttion  o f the 
po la risa tion  *oii the deposut oh*,*i£ad during the deposition 
-of s ilv e r  c& s&tngi# aryet&ld of s ilv e r  might f ie ld  
in te resting  information#
Heifeed ©f f r t ra m t io u  § f Single O rrs-tuls*. / .-: v v
Th® most pn  3 tieable method of prepsraticn of 
n in^ i^  ar^sfc&hs. fcpje&rs to he that of rs ^ -s ta iiis a tX o n  
froa  the £&ii« ,. The prina tp ls  of th is  ©ethodl i»  tha t i f  ■ 
a melted epsntaen of the xaetei i t  eileeed to oool slowly - 
t v m  &m e&&f then re e rys ta llia & tlen  w i l l  s ta r t a t tha t ext 
«*nt oxtand along the epeelmea* . Vi&er these eo^dltlona#
U *  f i r s t  exyetai formed w il l  continue to grow tareaghstti 
the length of the epesic&xu Geathiaey* Loiiheiser axi 
*n lth  (£} ham need tM s  mothnd fo r the preparation of ; 
larg# crystals of various matalo#
t ■■-, - i“ a Hingis- crystal* need-in the pxeeent wart -mre
«• ■from ayltMjris&l Bars i t s *  i a  ftiaaatar*/  aoi of.
t l . a i ,  „  u x t f i  s u s p l la i  by J o b n o a l a t t i ia y  S t t ,  
*phe .s t if le  Ot Par,rm<. .    ...    “*■ ’•- i-i ifcitwin yitWinrtlilMii1! iHi j I ilfliiirfft'f fWWiffliV
TJi« ®ssartiaX pwaess la  tins Hstlioi of preparing
single; cry stale is  '■ t&blish a" ia&perfelura- g rstMt n t; -; 
th re s h  *kie& •.the'mltes. speci©eii i s : passed*'-' da&ees 
r*©ryatattle&tlG«i to' tia rt'm i-o n e  tnd :and gradually; ©rfce&d ■ 
r ig h t up the bar#"'.. la. the present work, the temperature 
gradient was established by slowly l i f t in g  the farms© o ff  
the speei&a a*
/ i i is  furnace ocrsisted o f a fuse l alumina o y lia ie r. 
ISin# long and o f g#TSlit* in te rn a l ,diar'eter# jtM<3h would .. 
withstand a temperature o f ltOv°d* $&* .winding® Were of 
to a#w*g* * B right ray* wire* arid, two windings in  p a ra lle l 
wort used# fM  f l r $ t  binding ^ *» nude d ire c tly  on to the ' 
tube, while the solond was male over a th in  laye r o f alumina, 
fura&e© eesent which served to separate the two. so ils#.;..,.. 
Both wiMiags were.Bade heavier a t.the  onto.‘o f the.-tube, .in 
order tha t a uniform te&peratur© might b* maintained 
throughout the le rg th  ©f the tub#*- fhe e le e trie a l. 
resl&t&mea - of ’ th e . wiMioga w®re.-feppr©simetety .,Mohma fo r­
th© i in i« # and .80 o te i# .fo r,th e  ea te r.ce il#  ■ ,fo heat..,the 
furnacef. .both w lod ii^a were rmii but once
1&e, required temrerutixe’ had .$©©&. a tta ined , om winding 
su fficed  to titi&W im the ~. temperature* ..; .ft© double winding 
wm a aafatjr.precaution, since, i f  winding broke.down'
| a*. m% in f  re happened when the furnace me, used, to ,
grow copper c rys ta ls )t . the other eomlf be brought in to  use# 
jtacli winding nac provided w ith  a variable resistance and ; 
m  ammeter is  aeries* tud ;te t teafeirg wua aoatrolled by. a 
^tuarie sawrgjr lUgulutor thrcogh A: Hotwire Tucima Switch* ■ ' ; 
fh t temx^ruture use measured by a
11 i ! i : a ailiiT C ltm tsr ©aiibr&tei, £» &®gtem 
Ststlgm it# Tim tlssrmotoupl© was s a rr le i.  through a 
mm&% ^step^r* * l i u  " tM  t^p  ©f t& t fmraa^it*
•••••• ,f&© !&&«-. and wir&l&g© w©r® mouated I n n
reskaigAl&r hex and pask&d tilth rowdsred aagmsiwa exile  
to ** wrist© th^rml ixwtfil&tios* The whola fursse© ims 
^oastet T«rtJ.3vllf is  a earrl&g^ whish ms is  a ,  f©rti©aX 
and was l i f te d  rs rtis u ll?  Is  ^mrnm' of s rs w ijg  
of pullis©  asl a ©e;iat©r#©lg&fc* ... '2£& Hottcra of i!:t 
©easier*©!*ht was aoxmssted to a wire parsing rests! aa-axl© 
$&i©& m m  - d rirtn  thrcagh a reds©tion gear 'hr ts eisatrl© . 
notor* ■ fkt gearijg& was ausn tta t tho fur*»*3t, mm ■ l i f t® *  •;"' 
w r t is a l l?  a t % rat# of o«6t&«/fc*» I^xin.. np«tt.© f i i f t i z $  
0 omlt# heweifif* I t  ,f&ri©4. as dos lrti# ;.: i  p&otegr&pk ©fid 
4iawxam of IM' firn.a.i# art' shows. In figs* Si mat Si* ■ ;
f l i t  ■lTtfa*ra%i©n c f a im in ' Osjrsials# r
■ ftm a ll? e r 1 mm out 4*!£m» l o ^ # mM
t&xwd im u - to  ■ i* f i is *  l a  l ia m t l t r  w ith  a.-point a t os# tM.# 
t M  fo is t  l a t  mn aasgio o f mfom,% SO0# ■ Hu®" p reals© asglt ■ 
was m i^p o x ta s t m  loss as i t  was aoj&idar&WLy lass  than m 
fight' asgl©* Tm apssiissa was polished to th©
■worst o f lk§ - tmming sa l l ig h t ly  ©$0lh4 tilth  iio t 50£
s itr is  s$M* ■
I © sp #3fe«  was than tsoustx-d pol^t tows In a 
in te rn a l &t®m%m % i mhU% mm 
utss powdsrod graphite ms p la e ti 1b i&© feottcsa of the
n o .  as
D I AGRAM o f  t h e  s i n g l e  c r y s t a  l
f u r n a c e
UfATCA
T*tf**OC0Up/J? g^g^r
SlLViR
ftrf
I nuAHiiiffl
&.M &m*iz 
TU*j£
nftfrri&si©
&»
COJtfTf§iH£a#
s \iH RfOSlO 
*TuW£S
RU‘&‘B£&WUM&
t^AA'Af
0*1
Mug
StOwef n o t t o  s c a l e
fh® fttraaoa*
a ru ilb ls , and 'to  apojlja&n pressed In to  I t *  Pors pow itrti, 
graphite w&a t o n  poured in , and a are f u l l  y p*3ked town w itk  
a fcrusa &ylln$ep<mi3h. f i t te d  fa ir ly  t ig h t ly  round .'to. ■""" v 
epaotoa a iil In to  t o  er&aifcle*' V t l i t  g rapM tt was m in i a 
l i t t l e  at a t t o ,  arid ps> to d . t ig h t ly  r » 4  . to ' e t o t o i i  
u n t i l  t o  i; raking $a& I t f t l  w ith  t o  !'top. o f t o  s iltre r*  '
In  th is  way* t o  ah&p* o f t o  a to im n  m a is ts to l t o n ' 
mdten* . .fludX* , a loose - f i t t in g  H i  soared to '
t o  s p t t i i i tn . tM  •a.rual,tl®'.:tefe sow ■ placed top
f i r s t  in to  a V itre o s il, .to a - . t i ia *  long .and .aioaed-.at ora
end w&ieh f i t te d  in to  t o  furnase# f&e omeitlCw&e
propped up near t o  top end o f - t o  f i t o a o s i l  t o e  I f  mmm
*
of a long ta la  in le t  to e  o f f I t o c r l l *  ■ f l i i#  tk is  tube*, 
w ith another. .ahortea? 'to e *  ,«aa a a r r i t i  in  a
la rg i m i i r  ! iu % ^ io h ,w r f t4  te te to e  t o  s tu tk /O f. t o -  
la rg e r ,¥l ir a e a il  -.toe# ■•:.■■• ; f M i ) t o . ; l f i t t l  part o f the s i l t e r  
speaiimt waa t o  pointed ea t*: and to 'p o s it io n  o f t o -  
fa r  4  no #&a- now.; adlaeted. ao, t o t .-t o  . point os, t o  spee.im®n 
s&a. abettt.fito^frem  t o ;>Q ttott/O f?the,-toto«#
:-'■■■ , m im ,M  m. to i i^ a to . . .  warrant* a aloa
a t ream. of - oxy g ta, f  re t  *&tregea * 1 1  .■ paaeed,- tocmgh: t o ..... ' v 
large f i t o o ^ i l  .Imst* to ou flie u t .to ,, run*
Cto .heating .eas-nt&r.ted.^with a n .in it ia l-e u rre n t oa lo th  
a.lementa ©f. $ • damp* * * ; .and,, t o .. te.&per a ta r f ; ^ ^ e e d  to  rls#  t ■
. t o :about,.& f §* thorn to .,  faulting point of .ailverJ9&S*$#)* 
f&e .energy., regulator wm sow .adjusted to  ©u&nt**in a : - ,.-., 
temperature .o tl0 ic i% *;:- '.■ :M t« 'a llo w in g .■*©*»;.ti«a f o r  t o  ...
i r iS 2 *
,temj«mturs to %mom- m m t& t *  yW$ , i i f t i ng .m®hml$m m m : 
started* ■ asi %M tmmm^ lifte d  r& v ttm llf  froa-ite  ^ , 
V itra o sX l te te  aosit&luiirs tbo sposimaa a t a r & t e o f  0*6im#/& r 
for a 4istts§# .©f-1 3 - 1 4 x i t M  «8d of tte  raa* tb©' 
&jr*zlmn was logins* fcoloft i&© bottom of tte  farn&so *' S '
**$ tula st&^s* "tbs Mating arid liftin g  Dotor sara Bf lifted  
l is t”' tu^mm  im4oool&d "to about 600°3*# i te
''x&trc^sa a im  out'off# farsaso bad ooeiod
:to  room tv 4S *,raUra# tte  apeaue a  rsawsd frca tte
oraaifcla aM ©tea&ed in  ho% n i t r ic  &®id*,, v f te  aeoplate ' 
m  oacmpted about SOfcro* ana ®as astrrisd out oTsrs&gbt# :' ■;
fho orisxstatien of *' ■» SilosX& dat&X* .•' '.' "•.'! '............■' '
... (Ste.or^atal was oxm lltd for mteaim &t- : ./-;,.
I  ol$ sr;?stailif& m te r ia l ,. and its* erlautiatioa ©tested. by 
X*rs# aiffaeaatioja* i ba , ■■■uai t .  « ti  t  isairepoiitaa* ' 
fimtefm aostianomtlf ^raateted W itf; and ..ite- isathod - taaad 
©as tte  jwtuo tao tew ftM ttoa Mttod+s^fh* tarxot t e a d , :■ 
m a of aopperf « t t t e  X-rajs -wote. gafisrsted.&t 4^ 1?*. i s !  
I&sa* .. Sa4lisxf04m.fi a b o u t . .po- ,
> ■::: v' ';. A "saratab. mmk w m m M  $&' "tte curias® of -tte 
»XC*ic*o9; faraXXal' to' tte  « l s  of t>o oyliadar, &*£'served -
as' a tefsrtaoa. a i i s t ’ .y tte'; *jpsia*A #sa pXaaed point ■ ■ 
ujf^atm at in  too jsou&tlag of tte San® a^mara# fte
moastiii: som.14't§ adjusted about tbrtt parpandiamiar '$m®+ 
fte  apoil4te& was- pissed'so- tte t  tte'X^rajs wars ixwidsui- 
at &  anal# o f-11^ to tte *or*toh x&ork, sbiob was adjusted 
te 'te te s  of & taXasoojpo' until i t  im® w riisa i' and'-oa&tr&liy
in : tbs .tftpitta# ,$te spastmu to film. d is ta te* was adjusted 
tuiiiX,tte . *pssiu£& was parallel It ®M Zm * - f f m . tte film* 
Ilford- £»ra? fils was must* ' ■
: \ f te  ;X*rars :wira su iteted on* t i i  mm mp®mm
madefm , 1 teufv:' f t e . film tmd' f t e i  mimg
lodak M M  i.rMOfei? and I « t  Baksr *l©£i;r* vf  i x t r f •' f l i t  
tevsibpax was as#i s l ig h t ly  stronger tte a  t te  r tfo m im io i 
sbtehgth* white ' t te  f ix e r  i .*$ i* .* t  lu  tte  usual 4 t l :4 i i* t le iu
■ ’ /  flit f i t to im  oousisted ■ of sterfIjf
I t f t o t  ipo ts  ly ing '© a d e fin ite  a rte* tm i thus obuflxwd tte . 
s ry 'tea las  te i%  s im /ltu  { I t  wo© ta i t r i j  te r ta tu  t  * t . t te  
oypsfcal was isfmgte*. slmss flat pr<m»s o f tlfmsim? te tb  u it r ts  
sold s i l t y  ys&oral ■ f  roa tte  fursaa#t -fa lted  'to  ^hm &nf::r- 
eVi&SteO of g m iii boundaries*} f te  © rite ta iio a
o f  t te '' spediasa'was dsiortaited bjr ■"idsu tify 'iE ^ ths'rar'lous--' 
d i f i r te t io u  spots ©a the film *'- ■ fb ia  iio c tif ia & ii© **  t *a 
te rr ie d  m%"%f mean* of a GreBiagsr ©hart* and".tte tabte..©f 
im ltr|laa.% r’ «u^te* ;^ti©t*d B a rm tt f§ )*-; d ins* a l l - t t e  ' 
ptes» s is  a M arysl& i/ars a t d e fin ite  ■fited • a v is 's  t© 
«a-i& o tte r*  i t  fo llows t te t  Ite m  f i l l  l i  i  in f in i te  s .s fs l«  
M ls tib te h ip  l i l i i i i  i i  spots of tte  dittfeftstie-tf patt*r&* 
f te  Sreutegsr. .©text.provides a as t  tea ©f ..©sasuyibg tte  /  
saglss^tetessu-tte ft lffte o tlo u 'sp o ts  from t t e i r  ;■■/
©tor© e,;r aphis prcjsstioa.oa t te 'f i lm * ;  ., fkxm?g ltm  t t e /  
speoiteu to, f i lm  dista&os*; it:, is  possibl# to. id s u t i f f  .tte  
plans oauslng a p&rtioM ar.spot* tM  tesat to as ♦sm ite  its *  
position w ith raspssVte tte  ysfststes. ssy&t-sb mark* ; Tte -
ajrood 3loaal$ aifch th* t&worofcla&i 
Talmas is all a^&^s* "
i^tTfT *tl©» of t m  n fo r T^fiO^itlon# -■' ■ ■
irr&a ©s-jsk o y l i is d r ia a l fcarf t»o ©p@ol&#B3 f o r  
dspoa ifc ion e x p s r ia s & t*  w<§ra c fc ta im d  in  i t s  f o l i o
nasso r*-
• 3te la r  T*as $ic*oafcod is  a la ths ualog a pled* o f ; •:•■ 
load. fail;, to - jprf f t s l  -exa^ssire M3?lin: fc? the a!si3!£* ?;r 
s fsa im ts  waa ta irnst in t o : iha^Xoria o f, -a ■ aphors o f" iX n m i^ r  ■; , 
0 » iia # n it i i 'a  $hmk o# i§ ln#, ia ;-,dim©tor- enl - long#
tmmiBi: nat ao©ompii.si3aed; a t Mg&>p®.«d« 'wit&.fc. f l®  oat -to . 
M Mm im ' t&o distort!©# of., tlia orjrdtal# -.-^ Baf©*® duttixsg
f r t t .  from- tk©-.pa.r^st .tiar#:-.tSie- ,:h-v ■"■ 
ori^i* ai;a«&tah m&rk.mi. &cpl®d\©a,thr &&mfc m  that ttso 
e r x ta ta t to a  .kmm* • a d T ^s la je  o f  thm o p tte r ld ft i
aMp#',.lXas i s  t^Ojfadt t^at'eroxy .posaitelavpiam of fM : 
ar^statv i® oxpostd,al ooissi poist #b tlia. ismrfaae* - /iota?erf 
polsiisatioB 4$tsrmimtiom;. os amah. mixf&m mm ■ fer, xso. .
- ■, ■' .
Xha spaol&os m*s m xt oltotropdli*!** I  to r®m©?o 
tla work fcariossd la*;*r# Etc tiootropoli&liiP^ was . 
aaorapiikhsd by rjukij*; th© ©nodi© in .a  s ilv er
a^anid3 ©elution* (of a typical opposition  asdd for •' 
•isdtropi&tldg) with m  o y lts ir is s l fo il  s&thods « r  rounding 
the * Tm nm  of a sil?or ©y&sXdo lath for 
€l©3iropol JU&lrg■ is  ~ro ©onasauda& bp domisii (?) tM  .else by
Oilbariaoa. ant to r t ia ir  {§■!*- • [/Bm ©par tln^ a o a s d t t iS:'r \ 
fo l ia  n i v  to  aatlio4t#-wit^: ■ y
ai>pf@xiKiatil|' X#7iy4;j»ta# aaodia ■ aurreat > flit- ■ -
g»r&*i«* polishing a m lit io m  mv® ©btaimd' ■■©apamialy: fa r 
©&©&...« Seaton* ££© was-TOxttl. im f i l  a -'n^
p « i© il3  n f la s h in g  th o a rr t i c** t&* anoto# .'^ f  hi© • • -" • •
'tXmhl&a was a330mpanlii I f  "kiate* i s  tlsm' m tm n t  'kai 
. iroltago*. ' lo iiaM ag  im rr ie t m  muder thasa aon&itiom 
fo r  about 1 hour, aM tk® '®p©3i&«m again ©rsainedby X«»?ays:' 
be is j as i up in  the a&aara in  as z&urly m  loos lb le  ilia  
sum position  aa fo r th® o rig in a l ©xpo&ura* I f  sdisasaryt 
th© process a t polishing was repeat©& u n t il thara » $  so -
■; . .■' ■-. ,. -: '. '. ■ .' V. ■ ■■- ■ & ■- - -■ ■-. . ••-. •• -■ ■ \. v- V ■•- - :■- - - • • - ■-' • " - •- - ■''
e f i t a r u  o f p o iy s ry s ta llim  worh frsriazrai m U tr la l t n tko. ■ 
JC^raf f l la *  Usually, only om polish ttaa ropu iro t to • 
rsiaor© the layar aonplstaly* I t  prwad X&po&siblo to 
at to la  a m%$ high polish by th is  &alh£df but tk© rarf&ae 
was smooth &M free from tLo et3& p its , tr&iek always 
assompaaf any form o f <sxta naira ake&ie&l ©taking* as a ■
. f in a l s t t£ t# th * ©paai&oia mm l ig h t ly  «t*ksd is  hot 50>i 
n l t r i i  im adi& i& ly fcafor© s ta rtla g  any po la risa tion  
do . a ■ . '
f  ral* In  I» a r te 3 a tu l ;?©rkv ' a - v, ..... . - ■. r  :w^sos^fcwissss&sgiaettetaw^^
■ hasli apsjixea fsaa miuat®d o a 'tM  end'of a'.pita© 
of gl&ss tubiug %j ceans of -a p is3a of rubber tubing* A 
a ilv a r wir® wrapisd rouad th©:' ahanh iM  faasiah through
its  glass tab lag fcur?ed to ir^lm *$lm t r la a l aoataet#: k-
diagram © f. the apasJteas aat f l i t  ©xptrimaatal, set-*up for.
is a*
tMs part. of-\h» mmk is &JUc<m 1b fig* t7* V? eleotrolyts
w as-fiaa if In  .a ba ilo r* and a pis30 of s i l r e r  f o i l
round the iB i f e  a a ll t f  the beaker serred as. t  « j l i 2iria-mi 
axjci3 * j" <4* mpmlmn »\as ia -th *  ;*«ittrft o f the .
fee&kor with tli# $ X m s  taha t o l i  in  ;a. alu^p# . f l it  refsrem o  
M l t ~ m l l  ima fiaaed with tfc* oapillary. l u  % M  ® l m % r ® l $ ® l &  
tm m l*  ' \  ' ' ..: •.■:.:: .
: fhm nMmX' wro t& tlsu
'l&teatio&dter, ard polarisation &*t^ rsdmtloiis nado at.
apparent owro&t' deaasit;?# Tha j^ l& ris a tlo a
re a d ie s  m m  i ® k m  a f t * r  fa r ita s  t t o  irts rr& ls  .as 
described earlier* order to ntuif'. the m t a i *
of-, the dsp&.uit-sad polarisation ©a~ different orfst&l 
f l a m s ,  r e a d ie s  fu r#  tahen w ith  the a a p i i i& r j  l a  s tT e ra l 
dlfjfersat positions round % M  b ^  ^are* flxis was 
a ,3 tc s p iis lia t" :^ F rotating i&a "glass tub#. ia r r y i i ig  ilia 
sp* 3 lcsat ..-«£& then bri&jiiig ap to® onpilltiff to press 
ajsi&dt Hit eatfaos of the sphere# Throe readies m m  
taken altar ersrp t t o  int*r?aXf with tlio *&piii«ry/ tip  im 
fooitl*.«< & r o s jh ly  oa rreopoad ih * to  the xovmisk to  t b s . {&GG}V 
{U §}»  wir4  { i l l }  plams m  pro?lou?ly detur&iatd by 
. to ier .th# t<$«rta»fttal osM itiom f i t  was ainosi impossible 
to be.seriate that the oaplll&r* sm always framed tc a is it  
the required. spot on the s&tho&o,;"so. that iS.*sp\titio;a 
quoted in  I&blo K a  for the pclorlas iioa  ©a &ay l i f t s  
.pla&a do not ae-eessarll# m%*& that there •.were :aetual ;: 
ra r ia tio s * la  too j o lax lfia tito  *'o& that [  ■ '.•..
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i t  wsa desired to examirw ta# deposits by
£-*ray d if fra c t io n  methods* ®mh rm  w*s aarried on fo r
e*.rs# a t cj#5&/s$(#dEu. in  order th a t the dapo&it ahcaM be
th ick  eaougii to  completely eliminate the d iffra c tio n
pattern  of'-'t&c-.base#^ \ flu** period-'was'foaM':to'-.^o-'aoi^ple to ly
■ satisfactory,:- and-.ms hassi on the values' cptsfai fey I l i r e if
and hmlth (9) .-for th e ; thickness o f ooppor -to'destroy -the
s«\vev"
patbara ofbt&e base* an! ■&l»$eAis  a ba tte r adsorbent- o f ■' ■* 
fcrm i# 'than a0pparf -tiia' thiaknsas1 msiit naa r* to than adequate*
At %M end of each determination, three X-ray 
exposures tier® m i l  w ith each specimen's* p it  cat in  the 
camera that the X-r^y baas was incident along the 
prey icusly date m i red normals to the ilCC}, t l io }  f t i l l }  
planes respectively* rhe precise xooltica -of the e p ee ten  
for e&eh exposure was determined by- calcu lation  from the 
o rig in a l o r le it in g  photography ex4 also checked by 
experiment on the unde posited bote# ,. : , :, ......... .
■ r&laHechni&us o fd a  position  aM :-atise^>nani 1-ray
examination was used" to Investigate the p o la risa tion  tBd 
crysta l" structure: o f ;tM '•deposit. obtained-' frcar five--■■•
.typ ica l ie iea tro ly tes*: • The U fa  ■ solublem-uaed'wares -
. f i l l • 4*- t? • *«x c i t r ic  adid#
| 111) 0*151- ig lo^,-* 0*su* ta r ta r ic  acid*-.'
: : ( iT) 0 aminoacetic %cid*
•r .;:; s;,: ,v (v ) 0#2&l A3 ZX3 -4* 0*S5E: amincsaaatla: a c lly :
.;: '  ^ ■ 4*CUOOOXH..ammonia*
• I I C| -
Per purposes of comparison, .a .po lyerysta lline  sphere was 
also.made| and the .pclaris&tiwn in s u re d  a t  three : 
a rb lt& r lly  selected positions round the sphere’., during 
deposition*
" 'V ;'Vflxe resu lts  obtained fo r  a l l  thf-.-iS©Xutions; are 
shown, dn Stable H a together w ith a note-'as to  the structure  
of the' deposit on tu t d iffe re n t planes -as detenaine.d.’hy 
1-ray. d if fra c t io n * "  ; rhe ''crysta l p lanes'referred to "in tM  
ta l l# ,  a rt the actual planes whose normals-. Were p a ra lle l 
to the 'inc iden t 1-ray beam, and the approximate planes .-on- 
.to'which the ’ca p illa ry  'p ressed 'durte  th e ■po la risa tion  ' 
determinations* fhe table show i^ that-'although th e - 
po la risa tion  ralues'-obtained under these conditions are' 
not very reproducible*’ Cpfofeafely’ largely-, '..owing-to ' 
isaccuraaies-ia the pos ition  of the ' ca p illa ry  fa rin g ; 
measurement) ,.' nevertheless , "there is  a s ig n ific a n t . 
va ria tio n  in  po la risa tion 'from  place to ’ place on.the‘ sphere 
which is  not tee to aiay dissymmetry I n ’.the pos ition  of 
the va rious-pa rts .o f' the sphere w ith repeat to  'the auoie# 
fh is '' la t te r  fa c t i s '. demonstrated :.bj'.the concurrence o f 
ra te s  fo r  th e '■ po lycrys ta llihe  "sphere* I t  therefore 
appeared’ to'fee ''desirable' to examine' the va ria tio n  o f ' 
po la risa tion  w ith .c rys ta l plane .rather more ca re fu lly *.- 
in  order.to  perform .this mors systematic ■ 
examination,-.it was necessary to devise a ©earn fo r 
b r ib in g  the' ca p illa ry ’ up to-.the earn# plane' fo r ': every 
reading,. and at the same. time to  pro vent deposition on 
every plans except the selected.-plane* - -
\ : .■,> : : Tn^l® 1X&> . ■ -■;- -r,,/ ■ -
fo lt r is a t io n  and X~m$ 3£mL$atio& of Deposits on S ir^ ia
-/• . ■ ■ 0 f|s ta ls  of j i i ? « *  c»5A/s’l* ta#  "
t  mins* 1 80 . 60 180 240 060
>&se n » # liana Dspoal
•12*0 6,5 5.4 4*7 4*7 4*7 *M»- ' A.
f (i5  • XC *6 7*3 6*3 5*1 4*8 4*9 ■mm- B,
juj. s 7,1 5*0 6*4 ■ 4*1 "4*8 _ ■ "a.
r*,C.? 11*? 14*? 11,3 11.3 11.3 a i d 1.
.3 (15 ■19*7, 13*7 11*2 10*8': . 8*5 8.5 1111} ■
,:• '.v a t * f  13i f  IS *7 .13*8 10*7: 10.7. 1100}: s.AB*
... , ,  ... -  ;  ...■.■ •: ’ 39.9 48*5 42 *§ 42*1 •: 41*7 41.3 ,\11C} A*:
3 ■ (415 - 40*3 41*6 42.4 43*1 41.9 41. t \ n i \ ■ '&M,0
■• - .■■■ : ■.40.0 40•? 43.S 41*7- 4-2 *.0 42*0, l ie d ■ i, Am
'43 .'/ 40*0. :4.S*f 43*1. 01*0 41*0 { l i d t.B*
3: A { H i}  ' 37*9 34,9. 39*3 50*7 57*4 ■ , e »  'j ■V < «♦» { i l l } A*
.33,5 3 7 #Q. 43*7 4^*5 C& #3 53.3 a » d A*
'88.1 26*9 ? '3*8 13*7 .1**0 19.0 UioV A*
3 ( It) ; i 3 7.2 2B*£ 53*3 23*5 15.0 13,3 a i u A*.
Us.o 2^*1 3 3 * 1 l i . 3 15*3 14.8 llo d s.jps , *
’33.0 04*5 58*? 26*9 33*9 33.8 m o } . A#
o " V i d  ■ 83.1 34.7 38*7 S4.7 32.8 32.8 a n } A *
.35.8 34*8 29*0 so *a Et*6 23,1 {100} "  *  A*
B&eas J? •  iPcly<t d t & 1 liim * >3 * wi&plo*
Deposits A* *  I'olyo??at*41 Is®*
' i # s P o iyo rys ta liim  with, preferred o rien ta tion . 
Bodutioam moo $120, Solutioa (tr)- was s t ir re d .
■ In  o rd e r .to.examine. m o re a a rtfu lly *  .the phenomena 
reported sfc©Tet a method...was devised fo r  axposiiig: selected 
flames of the .srysta l to  deposition* while a t the -, same 
tias$: preventing d e p o s it io n  on o th e r. r ta  o f the srystal#. 
fhe method umBXMt o t  of m ounting the speatiaea In a oold- 
se tting  re win* and then u n it ie s  th rough  the mount-and 
s rys ta l in aush a «ai as to.expos# the respired plana#
a lose ■ s liv e r '' e rys ta lliaes  in  the fade oentred "
eufcie system* i t  is  possible fey mmm o f two mutually.
parpe&lisul&r ro ta tions to bring any desired plan# in to
any'. at s ired position# fhe position  of 'the normal to the
molested, plane.-was determined p i t h  re s p o s t to  .the eoratsh
mark* by. means o f m aa rs fg tlly ' prepared bask.re flee tlon
p icture* and ehsshsd by. fa rth e r X-ray diffr&o-iioa  .experiments
*
■ fhe : epieimen-eas'Mumted oh a.'gradaated eireXe'i'- 
in 'suob-a way that ■-•'the ■ former- eould he-"rotated;about-a- ;"  ^
horisontal".-axis7through any'desired angle*.':-- fhe '^© tild ;fo r 
the ;p las tie  mouat e&s-plaeed'-ou a n o th e r graduated-eiroXe
a© ■ th a t:; i t  -/-eould_ be ■- rotated about a ' v e r ile a l axis * .■■' fhe 
moult -naa mat# from -a-pieoe"of ■ aw are ’"bread'tmbii^'*-'^ ■
mite of - the ’ spar#; fas: l ie * .  longt ■ t s l  the: mould: was '■ Ha ■ 
high* fhe tubing was open a t both ends*- and eaa plaeed 
on a f la t  p ie3© of plat® glass the ^ .foar v e r t ic a l
sides of the mould were of brass* and the bottom of-.glass# 
fhe epeeiasea warn mounted een tra liy  in ,  the mould is  sash a
tha t i t  did ■ temsh .the. glass# . ■;. Hi© . appropriate 
adjawtm«»ts m m  ma.lt to' k ting  /the morwi- to tlie 
plan©*.Into a'ho^isontaX'.position perpeadieuiar: i© ®m " 
ire r t ie s l, .side o f  t M . momnt#: "'; f l i t  mmmtimg -‘p la s tis  was ■ 
poured:i n ;w &til it overed the spherio&l part o f the.- 
apooimn aM .lo ft  the; shank protruding*. and left to  set 
fo r  Sdhrs# ' 7 . A fte r t ie  ' p ls s iis  to t ' se tf „ t ie ’ momstti
upeaimtm was' showed-frota tie- moult#_ ’■ fM s  gave ’a l in * " \
- *
auW -of p laa ixs ’with; the-"aIngle erystai-'mouatei-in it#  amir 
t ie  .protraduig. through o.aae side* ■:.' ;
:®ie mmM im i. ir©3xmtm) was mm ..saws• in  h a lf*  
p a ra lle l t© ■ that fa©# o f tit. mcmit whia i fas i t s e l f  
p a ra lle l t o 't ie  .ery 's t& i please*"' ' f to  sawing was’ :
aseoiapiisied i f  mans of; a V e ry 'f lm  fcladed meelanie.al^ 
iaeksaw*' t ie  ilade  o f w iie i'ra n  tiro w g i a©§urai# guide's* ■
I t  was‘ found that the re ' was'soiae tests my fo r  the ■ mounting 
pls&tle to 'flow .under the mw blade* .ami th is  led  soine 
roughness of the sawn surfaoe*':." f i l s  roughmss'w&s reaioTed' 
hy gently polishing the' ape© icon thrvagn the grades 400*
€00| g/0| 4 / 0.1 o f  emery under paraffin,- and fi» ish a d :'by 
p o lifth l^ '-w ith  ffB lue ie li*1 * F ina lly * the ■ specimen was 
eltatr©polished la  ayamit© to remove the’ work tort©mat 
layer* 'aai .ths o riea ta tiba  eheoked by X-ray d iffra c tio n *-
: iu ’ th is  way# :two. o rig ia a i separate single erystml
'gate two I  i l i y  planes* a { lo o } p tom , mud one .. 
high;order plane* /' fto two 'planes ©am© from-different 
orig inal. speaiuseas.*. and provided a' means of ' stocking the "
repr0dne.ibiX.ity ,©i the results#:vv.jor.:uae m  m  eosipirison, 
.the random pelysryst&llime sj^eimsn was ■ mounted^m-exactly
■ the. Bmm way*. mni an-X-ray jtofograpti o f th is  specimen' 
.revealed proaounseirpsreferred orientation#' '
Po larisa tion ant Be position  on Orystal P im m * ..
$h# experimental procedure for'-deposition has 
been, deasrlhed e a r lie r*  v.1 .-rhe.- e le c tro lys is  Teasel, was'a- •■
. 100ml* beaker. l a  wMa Ji - the ;■ anode. and ■ eatbode . were s ituate I  
a t opposite....sides* and the ca p illa ry  was arrau&sd to press 
on the centre ©f the cathode when taking a me&sure&cBt* • 
and motel, away fo r  %r<* remainder o f the time#
All solutions were.- pre-eleetroiysed' fo r  lhr*> at 
0#&i^8q#to#., using a..pieee.;Of ■ s iiT e r: f o i l ■as:a'.-;eathode*.::-:.-:.i:;"-; 
itasB po larisa tion .:r  a was... continued for^Shrs*-:--.-.lln-generalt 
four,.runs..-.:were;, performed - om.each.-nolBtios mains - the {Id©}; •■ - 
{ill} i  ,..■ high - order-;: plane*; and;- po iyeryata liine  ’.aathedes*■;• mil 
of .which:: Just v be fore .using.: were ■iightly-,etehed; in  hot 50ff-a 
n i t r ic  noil# l o t  n i t r ic  sold, .was also-used :to ;#8m©v© the 
deposits frcm.'".the 'speoimen before s ta rtin g  a nm run w ith  -
■ a 'fre sh  solution#..;.';.- -.fhe.- eompleteaese“io f .rtmoTal-,was . 
eheoked.hy-X-ray methods .-in the ■ early stages-of- the w ork/ 
hut’.a l i t t l e  experienae,ambled,this. sheek.: to..he emitted* ■..:•
" f M  resu lts  obtained fo r  the various solaUobs 
are "shawm in  Sable IXh# ." fh# p a rticu la r so lutions used 
being ehosen as -typical o f solutions g iving coarse* smooth '^ 
and b righ t deposits*. and were identica l: w ith the solutions
*1 ~ 4
In. tea t a r i j  par t  of. ter work* ap t.tea t tes ferigkt 
so lu tion  soataiBtd o t t f l  p^ritim iu® c itra te  In  pl&tss of- 
ammonia*
Solution (1) s 0 i gl %.  /
' " ( ' i t j  a 0* 2 ii 
V- l i i i )  s.0*33£ *  0#£$L ucinoaaetia
.. a t i i *
' : ,:v { i t \  '. s Solution { t i l ) .  *  0*00011 a*JMt* .
so lu t ion  (iv); s t irred #-;- tey:* .
■■■ deposits ok teinod tare in  a l l  o-LiSss l/p is a l 
M  tes so lu tion  used# Tims so lu tion  ( I )  gava a aca.r$* 
itp © s iit solutions ( l i ) f ( i l l ) ,  ant { i t )  a l l  g&tro smooth* 
dopcaite* and so lu tion  ( r )  gar® a b rig h t itposik# fa© 
resa lts  show t&at as deposit kee&fiae smoother ant b righ te r 
the differeasoa ia  tii© po la risa tion  on tna single e r fs ia l 
pianos fee earns less  marked, and eteniualip- Tsnisliei* / l a  tlio 
aam# way # ..tea' re l& tiy# .■ tiffe reaee  in  po la risa tion  between 
■ tee. slcg le o rfs ta l; and- polyarpsta lii&e .fe&sos also .deereasst#
X~*Rav . B i f f  m at Ion gem ination of Seponttq# '. .
■o■'•,> ■ Th® deposits w t».aukJeate i -to.■JUray'-exaaiaatieia
k f -:tu t' I*®me bauk /re fieo iio a  meteM* % ;■• ftn. /spa aim  a wm ■ > ■.,; 
niouMft in  tea earners wite tea\,plam .normal-;t© tea  im l& ent 
X -r a j l m , -  a i t  Sss* Iron / tea'; film * : la te  exposure was 
nude 'for fSniias*' at. 4§J£fy ant.lSiad i i t e  a oepper target# - 
Sfcsi resu lts -linkab le  XSs ia&laate tha t as tee dlffereme# v- .
/ la  ten polarisation  on t i f f  a rea l e r js ta i planes :t@areM@d# 
tee structures of the deposits keaafiis mors ■ and mart alike#
-13/.*-
m  ilia deposit be.3ones smoother,, the gr iin  sis© o f the 
deposit &eera&aa&* u©Y**?ert there 1* a© appreet *si© 
diminution is  & r* i»  sloe of the. deposit from so lu tion  l i t )  
ia u t i r r e d  and Uttstirfed acndiilons* !Pta»t tb®' brightening 
of - tha deposit frost aolui Ions doatai Bing attinoeeeiid ©aid 
uul 4  .wetting agent is  not due to fu r  tear' decreases in  ■ ' 
i , t  . i n  -s is © *  ■" : ' ' ■ ■ ' •' ' . :r v  f " : ' '  : ■' * ’
■..:•/■’ , in  t l ca* ^aaeB: in  .white .the d iffrac tio n . pattern . 
ah©M preferred orientation,..the d ire c tio n  'o f4.preference was 
d iffe re n t 011 d iffe re n t planes* . In  simple s ilv e r  n itra te  
eolations f the nature; o f xl © fease. bus a r  e r r . promouaeed 
. from tte  re u lts  qm©$edt , i t .  seems that Hit major 
sryat& i plans® tend t© ©©nlina©,during . deposition, m i  the 
•'preferred o rien ta tion* nksa. present* is  in  tu* d irec tion  o f . 
a-major p lant*' . l i t  no sasa h~j preferred.© rienlation 
.present to amp a^rked extent# , ■..
1 - la * ed ition ** usad were t e w  iu o t? d o n  p'134,
, a n t . i&a polarisation results are t w a  from fa b lir lX k * .
I n t t i  ©eapJUa: & sc ia ticas, whether Iks 3 afsplexlng agent 
was © itr ie  or amimoas©tie a®id,; the deposits were praetiaa lly . 
Id e n tic a l. »tra? tw ra lly  in  n i l  "mMm; irrs^peo 1 1 th  o f the 
■.a&i&odw tass* - '. f its ■; s lig h t ''tendensjjr;to 'prsferred o rien ta tion  
on the pol¥0 f f .s ta il i i io  has©' i s ■probably unim porto t* S it 
single arpste l o f f ta t  on the ' { illV p la n e 'u s in g  so lu tion  ( i f j  
is  almost, a e rta ia ly  dm# to .tk©'%*rays-'pe»©traiiag the w ry  
©oars©Ij aryst& llin©  deposit and g iving the pattern o f the 
-lu ts* fyp iea l X*ray photographs obtained In  the work .are-
shown 1^ fig# ' S8#
. . falsie lib *  '
»-t resu lts,V arl-us solutions, ilaal® Crystal O&thodes
t mis#*; % :10 50 ; 60 ISO 160 . 300, a .4.
•sola. Baa®. . ' a s r ,  ;. l/s>j.&a
f ; [f,l 8,8; 5,5 .4,6 4.8 4,8 4.8 . 0*7
A' 13.4 10,7.10.? 10,7 10*? 1C,7 10,7 0.7
I B 11,2 .8.4 .7,6,7.6 7.6 7.5 7.5 0.7
£
£ S , Ifi.7 18.8 12*2 18.3 18.1 It,1 18.1 . 0.7
£ l» 41.6 45.4 46*4 47,9 48*0 48.0 48,0 0,7
£ i  . '
A 43,2 49.8 50,6 S0.4 SO.i B0.S §G,4
£ 1}
( i i j  £
£ 8  42*1 48.1 48*1 48,0 8 9 ,0  4 9 *0  4 9 ,0  0,7
( ‘ - 
{ 0 rv ,8  49.9 SO.0 43.5 49,6 .49.6 49.8- 0.7
-38 #3 29,8 25.8 23,9 23,9 S3.9 0,7
{ ’ A ;34#1 23.0 2 6 .0  8 8 .0  84.fi 24.5 24.5 0.7
£ 8 8 0 ,8  28.0 8 8 .1  ..24.9 8 4 .8  24,1 24*3'■ 0,7
£
£ 0 r 70#S 3 9 ,8  24*8 2 4 ,5  24.5 2 4 ,3  6 4 ,6  0.7
{ Is -37.8 26,6 26*5 .26.3 86.1 26.1 26.1 0.7
( ! ' ■
( A. ' 31.6 87,7 25,5 23.4 23.4 83.4 &SA 0.7
£ I t )  £ '':,f  ;
{ 8 • 1 3 5 .8  8 0 ,8  ‘2 8 .7  2 5 .3  23,4 8 3 .3  23,3 0.7
{ '
£ 3 : 24,6 28.4 25.2 23,4 23.3 83.4 23,3 0,7
. £ -■ A / 38,4 38.4 37.7 31,2 31*1  3 1 .1  3 1 .1  1 ,8
£ f )  ££ B ' 34*9 S I,8 30*2 31,2 31,1 31*1 31,0 1,5
£
V , :;E; £ 0. 3 5 ,0  3 8 ,0  3 1 ,0  3 1 ,1  3 1 .1  31*0  3 1 .1  1 .5
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i  £  t  I ^  X V . ’ ^  * * -* t- i V
►* ?4f y &4
. : IM. a li 'fe r  p l« t In *  solutions of the oomplex', 
ayfe&iid I f f t J i i l  M  & fm b  th a t the m t iv l t j  o f
i s i l t t r  lo i ia  is  xnimm% t o t r s r y  i m  i i s o f ;
in  asm#' tkscrlo * of ^ w ik 'sus ib righ t e iaatroplatlhg*. the 
m oQtuizj, ®£ tim 1st'a t tr ib u te d  to  th is
£ m m tio tL  of :4oa$ itx . font * '■ ■ i t  l a  '^ o u s ittr tf  ‘'th a t* ; ia  r ; 
order to "obtain m I t  ia  ..to ‘rates©
the- a a t iv i t f  o f Iks 'tepositiag io s # uM la  - at tk t  'asms -'tiise 
iim ia ta ia is f a fa ir ly  h igh.#psrati%  ourro'ist ' t o m i t f #■;: 
^saordiaj to tfcs aoftplex ion theory of -eies trod© position* - ■ 
oompiaxi^ rsdtiasa t!i# a d t ir i ty  of the ' d e p o s i t i © a # . 
tM .it lit %h& s&jas tia© mlMMnlnrr a hi^h oohosntraticn of 
s its tro iy ts *  wMah to  tiara enables a M .-! smrwmt .tensity 
to  be used* ' "
-i i.: .fbas^it Bttiiti ©£ interestto attempt io datarmim 
th e ;.re la t iw lo n is  o f tba a i i r e f ' io h  isa
asd. eompiorcd im -m: M te s p t'to  aofraiata ion ■" ;/:-
astlT ity  ■ wit., « ©othasssa '©C the default * r-v :
jgxperi&c&tftl feshMam#*. • • •
;., :Vv  ^-.  ^ lo g is s l method of'determ iaihg ..a a tir it ia a ■
ia  th is  ie r te tig & tio h * ' id" by ■ i *M ?, miaamr@somts# t M ,  
a im s th t apparatus was a ta lla lle *  th is  mtfctot was M ti#
£h© method euta iid  tfcj s e t t le  o f a s e ll , , 
so&potet of a reference ©Xtetrote*. tM  m  a les trod*: , . 
soataihiag the. u ttoom  solution# . i*bs moat aourt&leafc
- M l
re fe rs i^ © - e l® s tro d e  in - th ©  p re s e n t ’ $m§' is  the j.g//g::G^ :- : ; : 'u  
§ !© tire d © ; ;ial by ©om binirg t h i s ’ with i&©':© l©etr€kU'■:-;> "
* z l • 4 ; M d itie n ' > o * * * the a i t . i f i t y 'o f  the s ilt© ?  iom  
la '- th e  3 u ^ i m l  se lm tlcrn  may b# te to in td #  - : i l m ' l i t i l & 
system of t h is  ty p a #:\ i t " i s ' w utte tessary/ t©  mee-'a' s a l t  b r id g e  
a t '■ i& a l i q u id  J a m t io M  "■ ";i' '■ ' r. " ■ a " ’ ;: y : : ::
\  ..the elsstrado,T’wfelfc#ls, e#.r© of ., tto type .miet in
ik©.earlier work as retoraiae hai£~3©Xis {&©© £ig*t)# 
the two vessels m m  by an. aggressed three-way
glass tap* mM by formiiig: tto ■lltmli |BB#tiaa in the feor® 
of ihiim tof*■■ the’-’area-&£■ tenia© t Ui$##c® t&® solutions was 
kept to a minimum*.. and diffusion effects niMciaol*; .
fk# s ilv e r  pokier used. in  both ©leetrote® was 
prepared k f e lee tro iys is  o f  a© id  s ilv e r  n i t r a t e . s o lu t io n
at high -©•&* th is  powder was throughly washed w ith  • 
r t i t e tX l le i  water'- before mi#:. : . fk® re fla te s *  e ite tro iy te  
wm a sarefaM f prepared o*^S0 s i Ire  r  n itra te ' solmtionf ■ 
the a e t i f i ty  -of *teite Ms beta determined by Ktetmaos asd 
f a i f l l j t ,  Th* postered s iivw * was jaajed In  the feai£»*e]l 
white ms rimstd © tv^rul time© w ith the standard taxation 
before f im iiy . .  f i l l i n g *  .,,,fhe..half*eeli fo r  the unknown 
so lu tion  was prepared in  exactly the same.way, exseft th a t' 
the so lu tion  was.0*25^ ^50|..j#- iMItioa Ag&tst*
Method of K.eaeurorcnt*' "" : .'■' " ■'■'■'■'■• : ^
Both ©leetredes m m  plaoed in  the thermostat 
balk at &5°a i  0*1%* and l e f t  fo r  soffit time u n t i l  the
tc-rfcraturo; 1immm - af§a4j* ■ .CMj: mm. tltsm together
with. th t liquid juBstiea A* -iko-tap# ■ Tim %iom w ith
tM  p^tentior&tsf wort tmO&ngB iA m : mi
I a to r ts ls  o? ©r a . f t  r io i  o f : S&rs. v f&s. poioatioias tor. was'.. 
ao©a on tfe-s lowest raag©* (0«X$mr») aai IM$ f  rr#' aa . „ 
actomr&aj of moaauromat; of 4 O.OQXawy' la  p tm i im § iM  
Mea&arsiasatif m m  t&koa .to ©#0lw#f aad i t  was fmmA tM t 
axsapt for s«so im ia k llit j  in  tbm f ir s t  fait .iiimfts attar 
mki.% tbo aoaao^tioa** t£& mm ' tktmghmM
t&a termination#
: :■„■ :■:,/.■• Bf- tM'matliot msei# of,tfco .oalit*
X#?1 *f A^ t^ O §/A^ ■
iaT'ofctaiaoA* Per oai .tors .A&o exprosaioas*.
1 •  £*&*£* la  T o lti#  . 1 a 4m  m m tm t*
1L a wtaadard ' f .s itaoiata taisparatara#
f  .» faxaiay *  ?8r5G0 oouXos&s# ., 
a a mm&m of ftam .e^iraXaists in  lim  roaotioa*- „■■ 
a^ a a a t lr i ty  of i l lv a r  la  rota tom  a sol «.tioa#
£ aatirii?  u>f ■ siXrar in m ^nm n  ao iatios#■ .... 
f a r  oom oatratioa aollo of thm atoro iri^#. %  * O
P m itim  in  the- m lm  o f  ~  i i i  aoa^rsrtiag to  base 10* .
"w -
■’ ■ w S C.057S io ^ o
•r • ■:-■ ;; ■' ■ V. ■■.. -  V.. ’ ^ •:-■■■ . . v - v ’- / .■ . . . . . . . . . . . . . .  . . .  ^  . . . . . .  ^
In  M b $tmm% isork, the chsolmto :¥«iu«t of .the aatiTlty of 
■ the • ion  in  eo’t  rexaireSU/'5 • •‘Eh© : important tm io r  is. ■.■.
tM  somplexed asd 2K>$ue©mplexed' 
solutions* , lisni3# I t  I s  permissible to  meign  as a rb ita ry  
Talm#
*«<■ t - 1§ aM thsm
from  th is * - the m M tim  a jftV rlfty  ©f.-the a ilT e r  ions in  the 
s ^ le x o d  s o lu t io n  I t ;  re a d ily  o fe fa is if^  tM  the f ra c t io n  o f 
§ o a p I« ^ I. io^s is. g kfm  hfti «*»
«2 *  fmati©© eomple«4«
ix ^ r t is o ir ta l Basalts*nwwwuMwmiw
■; . &mmT®m®n$8 m m  mad© ©a fotur d iffe re n t 
solutions;**. ■ . . •
f i j  s Q,zm  >£1 * 4  0 *S i O itr is  as id#
I 'li) ti 0#ft8 t. % !%  4 §*SSK ia r t a r i t  said* 
j  :.:: 0#iSE'igl%  >  0*tSM ijaiJEioaaetie maid*
( i r ) . .» do ltttlea  ( i l l ) ' *  D#0 0 €iM e#F* 1# ..
1 0  ij&©rm ii© & me arallafele as to the Birmatmm o f the' 
somplexts ( I f .  a n ) £©m®4 bet«**n a ilire r and the various 
.addition ©spate'* waft*' . H o w # rf ainae s ilv e r  is  ty p is a lly  
bidemtate, it seemed 'probable that if anyaoxaplex' fo tm §
I t  w i l l  he o f - ^
I  ' aosploxiiig .te lesu te /a ilire r ion#'. r  ";
Bor,-thIa : 'sel&tiete' 'm m ?in  genersl^ia&de ■ - - r
e^uirfiQleealar W  eH re r and 3c*vle2Cln§;" '‘ ■: Solution
(1) Mait 0 *iM to .a i ir ia  a a ity " in  ' aa'-'exaass' of- ■
addition o?er aioXaai&ar proportions ted' mg' la rg e  ■'
:■;,: :. . : TM :20&Ult8.. $btalg*A E TB ShOWS tU %&* . . fh&
t&hl* dots iaot tha. f4 a e i fo r  so lu tion  ( I f  1* siaoe
t i l ls . ta t  found to te ■ i& e n tle a l'w ith so lu tion  ( i l l ) * -
-f a l l t  te«.
A s t i f i t f  2 c jua i assents ©a aomplexftt - o lutiom #
Sela* 1 - J& MUf • 3 isawsa i s • fra a tio s&k uativlty. aomplttxod
< i ) 3*34 . 0.87 •0.13 ' 13jS
*« ) ’ ■ &*6& 0.71 C.Sf ■" m$
(H i) 0*83 0,97 0.03 S’p
fteae results. art o f th e  aaae order- as.those 
obtained |.f fmstfa {IJ fo r  siffiiler work on the
eoi&plex formed he tween ©opper. ond-glfeiae#
/  •
Mseuseiou o f ftesult.s*.'
.. from.these.resalts#, i t  is  apparent.tha t the 
degree of la  not. related, to  the smoothness or
brightness of the tap es it*
Uaastote f l l t e a .  shown that, the s f  fe e tire  
s i l t e r  Ion oom entratioa in  a. I f f  le a l sranide p la ting
■ * *  1 4  ■
solution. is  of the ,order. .truing Fob ins on ant
f a l t fs Ci| fo r this u& tiriir eo effle iaa t of aliw sr
in  a f*S5E a llre r  n itra te  so lution* .the a a t iT lt f  o f the 
all?er-ion  in the s o lu t io n ^0ntaisl%  aaitou^atla mail 
earn he ahoan to' be o f the order G#XS* and re t- th e 'la t te r  
so lu tion -la  a&fable o f f i l in g  k  isaoh b fighha r: I t f© s it  
IM S tha t 'obtained from the Sjr&&td®. so lu tion . '' f t s  preaise 
algsiflaauoe of these. resu lts  s i l l  howarar be dea lt with 
kora fu l ly - in  t j 3 aaxt m a tim *  ■
h xz*'
T  ' t  t *  *  l ' T ^ ^  / * ' * &  T.-'a v ^ r - . n s 4^  ?’’ ^ 'VT ^  & »v»  ^ f T
i fe j W ■«•?*.M l i  V  -4" . i h - iV l . -  ,4 « r l  1 ^ 4 - f o u i  J-.* .u* >&&■&$■ " & k i - is - w iJ L
vr \ ”■* '**
d irtv iuB <tt- f^-v. .-.fArv- *fht^ii;&$~u!*
i i • t M m  hm% hmn many ;t h t§ r t t r  adraneef, to '.explain 
the - reduction of ■ g ra in  .sise.':-and the-other phenomena.• . 
©baerred ■ In  the; e lestrodeposition o f  metals* ■ ■'.:- Mmmmr9 
.the m ajority ,©£ .these-, hare been t#T«iop€ii0 Bts ;a s i,'o x tfiin l0 BS 
of-thfe® major ite©rie.g#:-iifhs f i r s t  o f -these mm ■'the ■ theory 
proposed'by:.Bancroft' 111 in  which fen postulated tha t •g ra in  
reduction waavtae-,t© adsorption ©n.the e&ihod® o f mm$ 
®onstitueat"Of'..the'©leetrolyto*-: th r te to M  o f the-Vi.
tM &rtea Is  the complex'Ion theory o f Mathers f £} *'. whleh 
states that* "the.-formation. tM  subsequent breakdown-of - . ■ ^, 
«gb$UX: Ions ecataialsag the depositing-, ion Is', mm p rinc ipa l 
f&ator:-in res.tria ting  grain, growth# f in a l ly *  .the ■ 
in te rfe rene t theory proposed by Ennt i l )  sla.liss-.that the r  
ra t io  of ime depositing ion to  other apesies,present in '  
the *clmbi©nt £# tits o o n tro lll* ^ . .faetor in  i te  production 
of fine  grained deposits# IM s  eonaept is.based os the 
id te rio a io  a ttra c tio n  theory .o f eoMmatXriiy* ,$»ng the- 
e a rlie s t workers to recognise the p o s s ib ility  o f a 
connection between po larisa tion  aM gra in  s ite  m m  11mm 
4^1 Baw&on J 4} #
In  reeent  years* I t  has tome to-., he more and more 
attapted tha t adsorption. must play a t ^omt p i t  in  the
processes... of b righ t p la tin g * . and probably in  deposition 
generally# .f-uis .iasfera. that there must I t  asms eeisneetien
between po la risa tion  and adsorption.phenomena# (fhe f in e r
**
grained the deposit besomas*. the smoother i t  tends to  be*
but, l i t  tra n s itio n  from smooth ..to b righ t is  not 
necessarily accompanied.by fu rth e r decreases In  gra in  a im *
I t  »0 i l l  appear th a t ' some other mechanism con tro l a :'t ! ia " : 
formation o f b righ t deposits#}:'. '''Henrieks fS}: in  .a -;: '
consideration of the processes *>£ b rig h t p la ting* M u  ,, 
proposed that deposition Is  a periodic phenomenon,: and takes 
place, by alternats" adsorption of '.'the'-addition''1 agent t a i  ' / 
deposition o f ths 'iz rtJU  TUa p e rio d ic ity  is  said to be.; 
t u t ' to the necessity fo r  the system to' acquire mu ...., 
a o tira tio n  eaorgy of. adsorption* Such,a process w i l l  in j
im i f i ta b l j  lead to  a la y e r e true ta rt In  the deposit, ant . : 
i t  is  m  eb&erred fu s t that mmg M ig h t deposits- are layered# 
Mewtmr, Im b {11 has shewn that smooth bright.deposits, 
are.not neeessarily layered#' ;
'■•. Eoar. i  f )  Mm ■ recently emphasised- the ' fast*' tha t 
M sorp tioa  is  a dyrnjaie process, tM  that i t  is  meoaisa&ry 
to  hear In  mind that adsorption sal desorption fey occur 
a t m tg  d iffe re n t rates# , On th is  basist .E©ar describes 
tm  .Mi ^sm of addition agent whose. behardour Is rery 
d iffe re n t*  and he considers th a t, althouia the two elaassa■ 
may . not be. mutually; txe lu a ire , they w i l l  be ooaplt&ttrtary 
in , th e ir  action*.. .
In. th is  aeetioa," the'experimental'.results 
reported e a r l ie r 'w i l l  be discussed'©a a basis o f the major 
theories, ub4 p a r t ic u la r ly 'in  th e 'lig h t o f the Eear concept 
of ' the. 'adsorption theory#'"
Jfaa • P re lim inary M x m z lv v n tn l  i-eamlts" i n i : Reproduaifetlity
• ^r**** *»'*~f ^»v-^ r«- r t  •iin-ryr-fWiwi’i-ir ir ff inT Ttrtm m.m.mM. ,■ m—— -------«-----*---- —-----------ItJL.
2&i« part o f the work Is  de&erifeed' in  le e tio m  I I I#
I f  # and V ar4 are ■ tteea major paints willsh m o ir e  
axplaoatioaat-*' ■
- ;■ ■ ■ 1 SM'vgimraX. step® o f the n - i  cmrrvo#
j ■-" ■ ' £ f i t  a t fa i ix M i 'o f  s ite tx o iy t ie  s ta b i l i t y * -
-'■:;u " '  :. '■■S.fflm. mimmXmB effeats; # f -nitrogen# ! '' ■
; .'■ ; . jfaotor Is M  mmtXywmt^ «aatt ilia  poXarisatior 
forsms t lm  l  iw t) # ,an i a& tlr& tloa  o irs rp o tss tia l. { n^»t) ■, 
sorrs* a to i a defers&s* in  the', f i r s t  £®% rirufces ;-of -any ra n ,.
{ see■ f ig s #-8-0)* ■;, ffie reason fo r  th is  is  eojssi&exed to bo . 
tha t tbs d iffu s io n  lag or takes tim e ’ to besoms established# :•••; 
Kowetref # i f  th is  is  the ease# i t  w a ld  seem tha t under > 
agitated conditions#-the so lu tion  shoald a tta in  the 9#a«p# , 
ta lus i*cra ituU itly , aigao# under mmb:' soaiitioaaa. tha 
d iffu s io n  layer is  rsxy .amah rsdaaad*.
, v ..■• ■ to r Si fha attainmast o f ils-a t r o l l  t la  s t a i l l i t f # 
%$®kniqm o f pro- 0 X0 3  t r o l ls  is  o f H it so lu tion  is  w ila lf  ■ 
praatiafd,: p a rtlra la il. | ' fey Boakrim a n r ll la  (B)
■cm. .byirvsaa OTsrroitaga# ; fm  gradual. shagge. in  the , 
solution.: on elee.ixolysIs is  profe&feiy dua.'to.- tho-. pressriae ■ 
o f .iraaea of lmpnHty.: e ithe r, in  the s ilte x  h i ira te  m  in  .
. tfes watsr used# ••suelt im purities M ing  .e ith e r. ■remote® a r :.;- 
r^uw jf3d ina f festive  • iu r ia ;  < uesssiya tiestraipses# X&
Titw of the .high; purl*#, o f tne raajeuts used#' th is  imparity 
must-fee present Xa: small small lua& iities.„ss to pxeslude'\ 
anything exoept adsorption as I t s 1 mods o f a e tie n *■
fa c to r  § i flat anomalous-. o f fm Is of.- saturating .. 
tbn ' .solution' with, n itro g m # .; -la a c t io n  XV* i t  was. -.:, 
aaosldered..that th is ''a fre e t .was.-due-!©,■■&» . impurity- In  the .. 
s ilv e r  n itra te  :but i t  was: impassifelevto'''resolve. the matter 
in- flaw of. .the Tory.-lar&e number o f possible /imparities#
' At various stages-in the work* the s ilv e r  n itra te  
was' roaryifcallised ■ f t m  r i - d is t i l lM  water before' use, but
*
a l l  three of tm  factors above were s t i l l  observed# ' 33m* 9 
i t  is  un like ly  that the s ilv e r  x&trafce the eause o f the 
trouble# Shore is  however# om other pieae of evl&exm 
wliioh has not been reported e a r lie r*  She water used In  
the greater part of the experimental, work ?o& the purest 
available in  the . large quantities  required# However#, at 
a la te  a-sa^ o in  tbs work# large supplies o f  water, p u rifie d  
by .passing one* d is t i l le d  water • through a eelumn o f th r  
mixed io n  exahage res in  *Bie~I3eminrolite* * btaame available* 
Bush ..water is  o f very hi* A pu rity  { approximating to  . 
eoaduetiv iti water) and th is  was u m l to  mum s o lu t io n  
£ or 'oheokiag m m  o f the. o r ig in a l results# ’ I t  was. found 
that, ' t l i t .-pre-elfedtrolyei© procedure fey obtain t&u 
solution- was unkeoessary#.-and the f i r s t  run o f a. • so lu tion  •- 
made from the .High p u rity  water gave a *#&«p# value. 
identiaa l w itli 'th a t..fo r a so lu tion  made w ith the leas pure 
water a fte r pre-eleotreXysis* Also# the . in i t ia l  decreases 
observed in  the p o la r is a tlo n -tim  .d^tarmimtlono during the • 
f i r s t ,  few minutes o f> le a tra ly & ls *  were e ith e r mush reduced 
or oompletoly eliminated.#. -.-a.
v v f a c t o r s  ,1 miii s.. nay iim : to-; t&o'proaona®
■pf. traces. ef ■'. impurity': in  tlm" w&tax usai # ■ ■* •■ i t  ■ is v also  ^  ^
probable ;■. tLai fa tfo r  .3 explained m -  the ■ basis*
3i&a®./iii®. impurity w a t .b i  pr#si«t in  Tarjr, small am©uBts#" % 
i t  ssems ,ltm i ilia off® sis ...It- aausss- isnst-.fcs-tes-l©
adaqrptiOJa#, V . -  ;  . . ■ , ■ -u : ,  ■•■ ■■•
•fc*j fa ria ticm  cf aol& risa ticn  ?;ith {largest Bsnsity*
■ • i < - - v f l i t■„ surraa ■.s ta te d ; for. t&a w tia tio n  of :- 
polarisalion. w itii. apparent anrrsnt-m m l t f  ■ are o f -gr®at 
intersat#. In .gaa®rai#’;;twa'i types of ' m m l t  m m  cfctained:-*
■:, v { I ) iS&ose.. in  Shiah; n j '. at | ■ ant ■ a l l  ■ ;• 
t m t m m & .  m :  tbsie ttrrsnt Increased*" / -
.:.. :-r;. './ ;.■ - ( 3Li) Thom-: in  sfciefc «s ngd insrsased s ith
insrtaaing sirrrent*: sh iler n^waa'-aonatant*"-U 
Surfs® of t&a f i r s t  type m m  obtained la  a l l  • ***•«. in  wM3h 
tbs s ls s iro ly ts  .was a*®*! as to g im  m smooth fins, grained 
deposit* m at is  from solutions eoat&ining re la tiv e ly  
large a&ounts of a it r ie  a e il j  ta r ta r ia  aiids qt afoinoaoetls 
aaid; or. gelatine# fh# se®o**i type of eurre was obtained 
from solutions wltiali gate soars® deposits* I t  la  
in te resting  to  note that typ ed ) traded to be3 0 m  type ( i i )  
iM a  the sons*atration o f.the  added rsagent was low {o f 
til® orclar 0.fcClL|* .
t :, . ■_;. : Of . tlltS ■ tlf O ; Jyp@S f -;tfpS { i l  )' . I i  : I3©St intOT®Stillg
Tim only posslbl® explanation.,of ■„the-.af.feat (i*e# m* ■fefc
so a s ttn t;.) ..la,.that : the;, true.. earnest A dm its  .la  sensta iit# , . 
a u  0 a«*nt th a t tbs ^ depositing .area' imreasea m  tlx®
applied m tm nt. im rm m M  * . - . y&gtmj&n {91 hm  dei^natrated 
by -mli+fjG* exaalzttttea of m arm ing  s ry a ta l'th a t th is ' • 
is  .iM% id  11  ^ €Xu\ La v ti^ itu te s  the s ffesV ’te  k .
passim tioa of the smff&se.. by/adaorption*' either, of -oxygen* 
o r 'o f  i r n i i  p f organic insparity in  the solution*. -';.-. 
Bowersf* .there are two other possible faators . may
haws so&e bearing on the problem** ■ ■ ' ' ;
{a) I t  is  as established fa s t that d ifferent- 
p l & n a a  o f  a  c r y s t a l  r e q u i r e  t i f f ® r e n t  e n e r g i e s  t o  ’ • 4 • 
incorporate an atom, in  the la it ie s *
(%) am aqueous solutions of s ilire r n itra te  
hate a j l l  o f about 5*0 f • a id  therefore hydros ?n ions are -. 
present in  so lu tion  to  a s ig n ifle an t extent* and.- these Ions 
nay I# adsorbed a t the .oathode« 7
Both these fas tors nr i l l  /.be dieeussed ssors' f u l ly  atna la te r  
stags#
. . .  m other .in teresting aomideratiois'arises. fmm 
th is  part o f the sorfe* fha enryas o f ;%~X Inereaee. - 
lin e a r ly  w ith X#, while the Tains of is  .son&tant.and 
independent o f X fo r  .simple solutions* th is  leads to  Ilia 
apparently eontradiatory .aomluslon.tihat, oa the om hand
«
the-.area.of deposition.la  eenstant w ith . iaereaslng current* 
while on. the'other-M ad* the: area Im rm m m  m  fit® aurrent 
increases* fh is  tsomalf n t f - l i  resolved bp somi&erihg
two d iffe re n t areas in  ectiepatlng the true a&rrw&b density:» 
X In  oalaulating the true $*&« fo r  
applieation ■. to m&suresaenis of »a# 'the -a® tu a l: growing area
o f the ssthe&e should be ■ t&fesxu • ■ This area is
represented by ',the. -fo-isl/er§&' o f-a ll.. %M$ growing; , ta l i.  o f. 
the' crystals,., and- to ts mot - t o l t o  :anf :inaat|ys $urfacet* 1% 
laextyeis&ly .d iff ic u lt-  to i i t t o l t  'th is  area .fo r coarse dimes! 
deposits*
. .-.■/ s I n .  t o  a**so of-, the adBCfBtmtioB, 
polarisa tion* i l t - i l i  1$ m aa^rmd u l t l i  d ifferences i n i  
concentration between the d iffu s io n  la y e r and: th e .bu lk ' o f •
IM  ei*str$ 'l? te# i i i « $  isore ;Xc ^ i c i l : 'tbs-'.area 
o f . %im' -interface ■ bo tween ' t M : bulk ■ o f ;.tfce "solution and f  Is® 
d iffu s io n  layer* -f&e modern .theory "of d iffu s io n  1 ^5 ore 
proposed - by ■ Stem { lc£ -sta t es tha t .ouch •■ 1 g? ore a rt ; d iffuse  * 
ami ..therefore there I® ■.no'- planer ■ interface. between";the- two 
layers*-:5'. ■- Bewartfceltss#. i t  :1a peralssib le '-to consider a 
p lkm § ■ whose. p o s itio n ; ooerespoade ^te ' t o  * centre, o f g tm itj®  
o f .the. , d iffuse  layer# ao :ripreoentiBg t o  intsrffeso* . Sneti 
*  3&ane,w lll tend ito  be.of com ias i area fo r  a given ■■.'. 
eleCtroiysis. tessa i#■ .eu4. be iM ©j **\ mi o f;the
area o f ’.the growing part o f t o  outhole # ■'p ro file d  tha t ..the 
growing .crystals do not' proimde too fa r  in to  t o  so lu tion*
In  support o f th is  view* i t  v** a fcun? tha t when 
the' so lu tion  was' such as. to g iro  a aaocth deposit* i*e# when 
the growing area o f tim deposit approxim .it& %q a plane# ", 
t l i t  value o f ^ i n a  reused 'withn'-.inereasing surriiat* (see- 
figs* IB ami to )*  - ■■-.in-this ease#■ t o  two areas considered 
above ■ be3one ;id e n tica l*  , LLso* .those -solutions-wbJU&.- "
*
contained add ition  .agents*-but-did s o t'g iro  smooth deposits# ■ 
gave :%*-! curves -similar: to- ; these 'fo r  'simple s ilv e r  v ■-'-■ 
n itra te  "solutions# ..
f t e whiqb tte g rm in g  r - , 
oatte.de. ■ area. dhaBfts. w itli -the •.applied , v i 11 te  .• * ■
iisamiistd' la lf  ?#.■ /.V K  hv* ■ : • ,', I : ,-.:' U - ' :' . : ; r i
?te Beiermimtioa of the of .Sliver\M m *
Vi.u,v- ■, te te  m $ iim  o f , the. »ork^ (Boaticm- 1) itas;:;-.; 
insteteaten as..a. test, pt -  the. mpplteaMll’ifvof. Mather*8 ( i)^  a 
ao&plex.. iea, theory * ;. fltlr  tteer? ,te»v received,ao^aidarable. 
supportf altteugtette pre.3i$e,l&terpreta^0.m meed t e , 
fllffaroat; authors tea ..varied * : :,fter®-have..;. leecr tee, mate 
approaches ,te. the:mpplteatiafi, of-tte theory;*-
; ., ;rt- ■• I i |  -Bapeaitioh fmm complex e le e tro lrtss  ''
taka a .-. place via. complex .ioxti* ; f M i . le tes to-, smooth, 
deposits, ..mii al&ee: the.- complex, requires; %mtgf fo r  i t s  . 
fcreakdoaUj the- p o la r ia a t io a . im 'r e a s e a /  ; . -,
; • ( i i )  f t e  m'Bgkming agext reduces.;tte ■ :,/
activity.,-of the-lorns in s o lu t io n , hut .-at the. same .time 
m l|ta te s „a ;.Msk aem euiraiteti o f e lec tro ly te  to  carry;the 
current* . ■: uh.u
*
ftea>dapo8ition iEaj be carried-out at.. hi»fc.,«urreiit. density, * 
ate small doteltloBs o f . ie f :* e a t l ¥ i t e I i i f h  .d#t« are said 
to. f&vomr. tte 'fo r ff ia tlo » 'o f amtsoth-iapoaita* .:.
Sfcus,tha. complex ion theory in f  era ‘that*.. as the 
a c t iv ity  Qf„ the 4e posit teg icxaf decrease* { i# e * : the- degree" 
of complex! og. tea reusea) t 'the deposit should tend to go ’ 
from" coarse to aiaoote amd briglxt* ’ ■ Also, t&a deposits from 
so lu tions 'o f comparable a c t iv ity  should b® of eempueabie ■ 
smoothness#
- , in  the present work, the technique used .eas ..that -
of Ite#$a aM/Sagana 111} i l l n  | i ? s s  re la tiv e  ;Chaika
in  -a c tiv ity . o f ■ the ions in  the complex® 4 solution,compared 
w ith  that &t the s ilv e r  ..ions in  a simple s ilv e r  n itra te  
solution, w ith a■ eorrespOndini nuxKienir&tioii o f .'s ilver Iona#’ 
rteUiago& and la i t  ( ig )  have found the hc fc iv it/ co e ffic ie n t •" 
o f s ilv e r  "lone te  a c#3&£ tel?#tetet:r&te eolation to ha 0»#S, 
and ’‘thus' the a c t iv ity  o f s ilv e r  in  such eolations'. i t e  
approaOmately Cuiff* ' from the .values quoted in  fable Xa 
(p 144), i t .  is  apparent th a tj:th e ,e e tiv ity ..o f.s ilve r,io a a  
i n  so lu tions .,completed in ith  e l t r ie  ,or ..tartaric acids, -is 
aboat p«lC, #tte th a t- fo r  .solntions aemplex:’d with. ■ : .....,,,. 
affiinoaeetis-aeid. is  tecrnfe 0*15# :. Olasetone, (13) ■baa , 
re.ported ?that# in. eommeralal. s ilv e r , p itting ,te iS ts  # f : tfe t: 
complex, cyanide tepe, te* e ffec tive  ..aon5*'ntratien.-f .and 
heme ..the a c t iv ity )  o f s ilv e r  loam in  of the order I0~a§ g /l*  
on a basts o f thee# values, &M the. o oiMpl e «$* 1 o n. 
theory#' i t  m mM] be ■expe-eted.-tiia t a 0*35M s ilv e r  .nitrate 
eolation and one Maintaining an equivalent .amount of.- s., 
aminoaeetie 'acid eh-oaid .give r * r f ;. s im ila r soars# deposits,'
Solutions containing u i t r id . .o r . ta r ta r ie  acids should "give
Coarse.deposits,w lth ...slightly .smaller ■ c ry s ta lt ,' and: s i lv e r : 
e/unide solutions oUoutd give very «aoota ate possibly . ■,. 
b rig h t deposits* fw c fo r ,  in  p ractice, i t  was found .th a t, ', 
simple s ilv e r  n itra te  solutions g s v s o & . v e r p d a p o a i t ,  
solutions- containing o it r ia  -.or tu rta rie . acids, gave smooth 
deposits s im ila r to thvss .from 'sysxdd* .solutions* t M : ; '.m. : 
solutions .aontainl&£ s&inseestie ae id -gave - very- s-c^th c^osvVs
m m  bright#; - Xa im i* .  t&$: bright;deposits
tv  am uzdiiQ ^^tH . m i^  nolutioiss. -mm ,m m  aempor&bie' to a' - 
b righ t alike. I'.'dapoait' %imn %® >: m ilte r  deposit# - :■
■ from the jo is t  o f flawof"degree o f a n ^ lo r  lea  •. 
formation, i t  is  d i f f ie u i t . te  aaa how the .aomplex ioa theory 
oaa.e£3&'ala %M fu e l that a 'so lu tiea. acataiaiag o a lj shout 
0^ oompioKts g i f t im  b righ te r .deposit limn ;caa aoaiainlag 
almost.110/ ^voaplex ioast'
;:?■:■ -■ th m $ the noiaplsi- ioa ,theory :lo ts  n o t fu l ly  ■- 
nxpiaiB; the -oo^#rf@4 n#fm it3# nisi a s i ih n o B  aouriuaiig ' ■ 
■ospiaaatioa is  gived'hy- adsorption*\ •■■Thia l& ttarvthaor? ■, 
#su©i4#rs' th a t\ 'liit  '-faaetioa;of' t ie  addition.'agent; ■ is- s o t' ■ 
no mtm. to fe w  6omploxe»t "as to 'provide aubai&aeea wiileh . 
are" ©ora■re a d ily ,o r ©ore axt®mai?#l|f adaorhed oa t ie  " 
oathoda#:
, Owli% io ' the 'e ^ r ^ ^ a t a i  d if f ic u lt te a ,  i t  is  
d i f f ic u l t  *v draw ?#p|\ d e fin ite  jc u i im i& m  m  to the 
o f.fo o t. of the' baa® &truoture oa the ^ tr io  taro o f :the 
deposit# . •la  order to eoM fiate lj elim inate the d if fra c t io n  
pat te w ' of the n * t  *oae baetf i t  was /maeaaary to  build  up 
Tory ih iak  deposits* asl is  »©• doing, any s tru c tu ra l.a ffects 
due to the baao landed to  bo eliminated* For th is  reason, 
i |  would have been more. desirable to liaut approached the 
problem by .electron .d iffrac tion . methods #- hut -m fortuna te iy , ■ 
the apparatus n&o-.mt available*. . I t  was-found'-
that* - in-'simple' s ilv e r  -'nitrate :eolutl© i© i d iffe re n t' c rysta l 
pianos hat d iffe re n t p o la r isa tio n ' potentia ls "-and there- wen 
sireng "indications ■ tha t, - while ■ soiso '-plums '’tended■ to g i f t  .. 
completely random oriented'-deposits f others;'tended to '-have' ■ ? 
a preferred o rien ta tion  im® tab le  "XXcr pM?5 * ■; la  a-few !' 
oases* the deposit had a'struetare'-'-aiffiiler to  that © fa  "  
d is to r ts i s in g le . crystal# . ' fh is  is  in.agreement w ith the 
*Vlw*xu* of hirsts and his oo^workers,{14}■that silver 
i t  posits from: n itra te  • solutions tend ...to h«ve th e ir  : c rys ta l 
.axes p a ra l le l; to those, © f. the cathode 5&s##, -. m&qp Owathaey 
anl la idhaieer I I I )  have shown that* ce rta in  p la ins © fa "  
u ldksl simgl© .c rys ta l give a deposit, which ..follows* almost 
exactly* the base .straeture* while ©the? planes-..give random 
■deposits#
: v' t oi skt ?' and. Mu ■ oo^workera ’{ l l |  feat# shown tha t,
i t  "a'•"given surrent density, ao^» planes o f a. s ilve r-s in g le
> ■*
crysta l So hot'■■deposit in  s ilv e r ' i i i t ra te  solmtlaus*' and* ' -: 
m  the apparent a#t*.increases*..more and mra.planes begin 
to deposit* ., Unfortunately, as they did not Measure, the 
po larisa tion  potentia ls.during appeal ti« n , no comp triad© . 
w ith ..the ir work.san.be mats# -., .axe present , has shown. , 
ho* V®r* .-Marked d iffe rences ' in  po la risa tion  on d iffe re n t 
p lantst ami . i t  la  unlikely '..that plena* of ,high po la risa tion  
■ would .deposit when planes-©flower polarisation.are 
available# . .... , " . v . / f  = , ...
■"V;,'in  the''CP^$e"of "so lu tions ;tending "t© give smooth 
deposits*- :( a it r ie  a o id f: ta rta ric -'ac id }’- ami amino&ijati* acid)
-157.
i t  was found tha t the • po la risa tion  en. d iffe re n t c rys ta l 
I;lane$ im  and'X-ray.diffraction...showed a l l  the iep ■
deposits -to be id a a t ia a ili poly cry s ta ilim .*  X-ray . 
examination''of the :deposits from amino&eetis m ii ,■solutions* .,... 
also aio<*I tha t'the  re''Was m  obvioas a trttc tara i'd iffe re iaca 
between"smooth' iM  b righ t "deposits#. '■ ■'; ■ '■' ■ "'=■
. ;.-. ,....,. : I t  i s . m% easy; to explain the observed . ,.... •.., 
d iffe rences.in  a true tare and..polarisation on d if fe re n t '.. 
planes. from simple so lu tions*' .However, there m m  to,be 
%m. possible mmh aulac* which might aat^a .the observed
' ■.i^s 'Tbii energy required to im iu t# 'a n  atom 
in  "the la t t ic e -d if fe rs  fo r  d iffvr*. n i c rys ta l .planes#
. ; ' ; ■ (b) Soian .a©B$one {ionic or moleomlar) of
the s o lu tio n  is  p re fe re n tia lly  a&sobed.. ■« ce rta in  c rys ta l 
planes* - /
I t  is  ale© poa& ib l*-that; these 'fac to rs  a rt interdepend®nt*
so- fu r  as fac to r ( t )  ;Ia  aenaarnsd*.- i t  Is  an. 
established. £ m t tha t there nr# ilffe re n se s ; Is  energy on 
d iffe re n t, c rys ta l planes;* due to d ifferences in  the .in tera toa i 
d is tre s s *  M c t f t in f  th is *  I t  is  .probable that the d iffe re n t 
planes w i l l  .require d if fe re n t  energies to incorporate an. v,, 
atom* and ..therefore .w il l  e xh ib it d iffe re n t po la risa tion  
p o te n tia ls *> f h is . i n .tu rn  w i l l  cause deposition to occur 
only at ."those planes: w ith  the lowest po la risa tion* ami the 
deposit w i l l  therefore be more or less columnar* th is  . 
concept, alone w i l l  not.account fo r  the .occurrence ef smooth
deposits*' jlu o tte r to ace©ant for such deposits*. i t  is  
^caesary-t© 'introauco an cda©rpli©h meehanis®*/"; •* -• ••••••
■; factor fb | h a s■ the.-adv&ntoge that it can be - 
ex tended to explain smooth ©©poaita# i t  tea  teen  
eatabliated in the fiald of tefcsrcogexteaia cataiya.ia*.-that '
. a a r ta ia  s i te s  cm a usatal surface are • p a rtiad ia rly  l i a b l e "' 
to adsorption# I f  aabatuAsa in ih# eieetrolyte Ii
able to adsorb p referen tia lly  * I t  w ill'tend  .to  'block part-' 
of the cathode* and thaa force t te  deposit t o ’te  'e o a ra tr 
g ra in e d  a *a cv iuanur#  however* p r e f e r e n t i a l  a d s o rp tio n  
a t eertexu Mtea &©©*.• not preclude ©light adsorption '*v: 
©thoi «*lte&* Hsnae* wVob tfcoo* nit4-e &t dhieh deposition • 
o rm x 9 m $ Uzv* to  o c iu i r e  an  ts m i^  o f  d e s o rp tio n  b e fo re  ' . :- 
deposition occurs" a i i  this' ©s#rgy w il l ;show as an increase 
in  the p o la risa ti * - ,.,  ^ ;
: iTtJtebly . the,moat acceptable explanation la ' _
obtained b|-aostiiniisg the two im  to rs i -  : tete surface 
lias a aligh t' difference in.'energy ©a d iffe ren t c ry s ta l Y 
;planssa# ’ and thus soma piasca - mBd#igo'.prsfe.reatial. adsorption 
:and .therefore the differences i r  * texri&tetoa, fo r d If5'*ran t 
p la m ti nr*  m g te f le d *  u.Jms * a t  a g iv e n  -c u r re n t d en s ity *  
p re fe ren tia l deposition occur© on crly  a lim ited mimbtr of •.
' cathode s i te s * . '' xhic occuaaa the tepo te t to be coin  5 a v - f - 
.ir t-h© applXfcs<1 j>ivw  Ii&, eased*  ta& necessary
&etlvaticn energy ( t i t t e r  fo r deposition .to- ©tear- o n 's ite s  
of l ig te r  ©iwrgp* or fo r .d e s o rp tio n  to  occur .at-©©ms of the 
: s ites ■ p rm ip m lf  aoverad)* beeps©*. available* ./.and -hence. the'
a xm  of ■'■deposition. i  mars uses*" ■ "in tM s way* the 'true  : 
c'nrrcm%.teiisit|: "teats to- n m la ' cons taut * n i  'the remits 
©fettered 1b: m iim  Ba; was - f v ^ i  to- fee’ aonst&at w itu  Increasing
m fre iit  a,B explained*''■ ■ ;
Vasremyan {3} m domlade&:.t ’ *t~ the ©fes-arvod
e ffects  are dun .to.adsorption t i t t e r  of..oxygen*';;or o f -  
organic I ts r r i t ie s *  . ■ Hosranfer* Ihere aeemst to "fee another 
fa c to r which should-fee considered*  ^ Simple aqueous.-silver 
n itra te  s o l u t i o n s 'a i l var i  'M tra te ; ''hydroxyl} and
also water dipoles* " f t e ' j f f  o f aash a.... 
so lu tion  is/about 5*C# asi therefore the concentration o f • 
the- - hydroxyl - io n ' w i l l : fe# low {p a rtic u la r ly  ' in  the cathode 
jUi#?}'-:&& -both’the 'hydroxyl .and n itra te  lorn tend to migrate 
away from % ha oatfeo&e* ^inae the s ilv e r- io n  is  deposited* 
i t  in  net . l ik e ly  to fee' the "'.interfering Ion* M t  both 
h y d ro s . ion. and the water dipol® . em ld fee adsorbed*; Of 
these' two*"-the"-preton w i l l  not -only tend to migrate to the 
aaihode" feat w i l l '  a lio " tend' ta  fee' t e l l  in  the' d iffus ion - 
layer fey Ita * charge* 'w'$fc$s,' I t  is  considered tha t th is- ion 
{whi'eh'is s c ro l l?  present lu : the so lution) may very easily  
fee adsorbed vn the attfeoia* fu r t f t t r *  i t "  w i l l  fee shown 
la te r  th a t 't te re ';is'"evidence i»  support M s  view*-
.. I t  . should, fee. cottd that-although the; interference 
theory-is also &fet#t© explain these. e ffects* i t  w ill.fee 
shown la te r  tha t th is  theory If- inadequate’ in  certa in
other - respects" :J- g-- :.v . ■ -  - -.v
' '-In/tfee,'sate .'of the .smooth deposits*'the observed
— i S O * *
effects- ©ay'be -by" presuming- extensive1 gem ral<
adsorf tio a  o f ’ the- addition.agent ‘Cor soma deriva tive) 'so '■"
th a t■ ■ t l i t  "cathode ^urfaa# "approximates to  # ia u r fm® o f  ■ 
ra B to ia ii;disposed « jljJ l io n  ■ agent moleoiiias * ant 'thus ■ iiie  " ■■•■' ■* 
^ ffa o ts . o f d iffa ra ix t- :<o rV s ta l p la n ts 'ra M s li*   ^ Bowerer, a 
m®m 'da ta i le d  tisaasalcm  o f: the by which :
adsorp tion  m m m  smooth and: b r ig h t deposits w i l l  .he deferred 
u n t i l  la  ta r*
fhe ro : are ’' two other pleats of -eridenae ra iatad to 
..single c rys ta ls* :which fam ish  support fo r  the adsorption 
thao'rp*■■■'• fix# f i r s t  o f these lia s  in  the present wort* 
l i  is  'thht'no■■■■differences are- detectable'by X*ray'examination 
••betweah:-the struetu.res'of'Smooth: and b rig h t deposits from" 
solutions Containing- amino&oetie aeii#, ' ffce; o s ly :difference 
between * the so solutions # ■ lie s  i n : the ' fa s t that the one .= 
glirlng ' b rig h t /:4tp$sifs: a' small amount o f a
oompcmd-whieh'produees the' brightening o f fee tv  Berne i t  
.©ay-he ; in f  erred' that ; th® action of the. brightening'■■agent 
is  "a 'surface^ effect*'-and- th is  •in a l l '  p ro b a b ilif y  is  due to 
■■..adsorption# '•■ a The attend -pieso of eri&enae is  that Ke and ' 
■friricb- {!? ) hate'-shown that thiourea adsorbs p re fe re n tia lly  
' on oerta in  planes'of a-''topper single crys ta l from &sld 
copper m lpM t#- solm.ilone$ and there are differences is  the 
■ .structure o f r %> dsicsit.ox* d iffe re n t plsnea under 
these .conditions-# _
'•Pdnosition;from-'-Solutions .with ion-depositing Cations#
fh ls  part o f the work, (S ta tion  f l )  was
undertaken m m  I t  i t  o f the . interference theory proposed 
by M m atfl}. which states .that the po larisa tion  and s rys ta l 
structure o f elestrodeposits depends ..upon the ra t io  o f 
depositing. Iona ..to other m bettum s present ia-the solution# 
Am th is  ra tio  itt3rtmsas# the crystal,,alee o f, the deposit 
should decrease*  ^ .'
-fhe solutions- selected were ®aeh that the added
iaorgaala cation was ml
;• (a llo w  cosctstrm tifm  Co#001Ml"
(b) at eoa'oatratioas comparable to  the
s ilv e r  io m * i
' If. !Mat*a. tkeory ^ ls ■e©rrect#'v»oltttioas mi type (a) should 
show l i t t l e  o r no change ia  po la risa tion  or deposit, while 
those o f type lb ) should shoe marked differences In  both
compared w ith  n irri®  s ilv e r  n itra te  solutions* 
in  practice* i t  was fount tha t whether the' eonaentration o f 
added oatiea was' Im  o r high* ’ th^re wee 'a© -appreciable' 
r is ib le  charge in  g ra in  s ire  in  the- deposit# m il
eases the po la risa tion  incrsasod* (see fable ?la  and TH 
p 71)" Bease, the * u r t  theory does' not adequately explain 
the observed'' results* Ale© the complex ion theory cannot • 
apply 1 a th is  ease# sine® there Is  l i t t l e  or. no p o s s ib ility  
o f a ^ lese  ion. formation#
: for.eoaveuleaae# th© § # a *p * :fil u ts fo r .  the. .-.. 
various solutions a t . 0#iA/aq*4m# apparent current density 
a rt show© in  fable Ala#
isa-
ToAU I  Is . .
• <aa#ft»»gaaiaa#^^ U|«W»WM»W- • ../ ••••;• v • ■- * • 
e#s#p# yslaea for. 0 »$&. g IC^  4  fa r io i^  X ^ t^a n i3 .;0 atiosss#
0 ■ . ...
. ... 0 ©ii<3ii# . ... . a#0oiM# . e*2si« .. _
3*&*p# T7 # ... .
. .. * :4*§; . 4*$..
.  .  . .. 4,6 .... 3,9 . ■ . .
1180. 5,6 ... 9,4
I.aliOa ; S,3 S .I
M 04 . 6 , 0  9,1
• o u C ■ *. ■ " 0 , 0  ■
Ca(l03 j|g ; " ' 4 , 8 ;r ?,g ■- ■
8 a{ISOj) ' -'4,6■ ' - -1 0 , 5  ;** m
' a l i ^ L  : ; 3,3 ' ■ : f . 3 ; 1 ' -
' 5&{M.) : ’ ; 6,3 ; :i  '"' 7,5. '
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Imm  i n  'values ' quoted# I t  i t  apparent ' that ;f  as tore lik e  > 
icmiu 3%mmg%lx.or the e lly e r  io» a o t ir i ty  "of th e 'ao la tio fi 
eannoi lit tu t  fa a to r-a o a tro llii^  Si.f ';
Ionic s trend th 'o f :4  solutioneo&taiJ&icg ig ic ^  4  0 # 
ijaorgstaia -'aatioii. is  the -&sm - for of the
earn y&leaiy* Thus,if lo s ls  sirMtgfh ware 'tho a oa tro lli^g
faster* the -polarisation fo r  'aeifcti.ens seotainiBg sedlais; 
lith iu m ; as i potaeslttm ehoidd’he' the same# ’ ' l a ’precise ly . 
the iissa wap*'' a a tir lty -  eamnot be the co n tro lling  fee to r*  ' 
However# an examination o f 'the 're m its  from the point o f 
view' o f adsorption is  mors enaour ring* ■ ; : "
■ several noirkern ta r t  4«B©natr&tsd tha t Inorganic 
m tl® m  ar@ adsorbed a t tm im M  surfaces* .in  pa rticu la r*
irmhaiai (1 8 ) lias shown that siksh-lorn -are'stroiagly-adsorbed 
a t the„ eatheds'-ia e le a tro s a p iila r ity m p e rta ts ts *  ''■■'■*■
&sd he |,®.s eoaeluded tha t i t - i s  both van I t r  ^ I s ' -aM 
ahemiserpiioa in  type#-. ■ 'Be .'has also toows that,those Iona 
th ish  fitppro&eh'closest'to.the ©eraury surface are. sfcsisiserli©d« 
farasr- ( I f )  lias propose! the adsorption o f h firogss lorn# 
la  the usbydrattd sto le* m  the cathode ta ring  the deposition 
o f n icke l# . as to# active cause of -the Him g m im i  (of ten 
bright)"'depoeite obtained*
I f  the presses occurring duriik. t v* deposition 
o f -"silver fr~* solutions containing a live? sM  other ■ 
i m t g m d % - i m  mm o f s&sorptlon.of the cations# .-.we 
should- expest the e ffe c t o f to t  various e ttom sio. vary i: . 
with-the. extent o f adsorption# ■ I t  la.however &.weiV,kae‘sm 
fa c t that.isost inofgaml® cations. ere adsorbed to ttoiaafsa." 
extent# .and i f  th is  is  so in  the present east* i t  M g l i t .' 
be' expected that they would a ffe c t the po la risa tion  to  m  
extant governed by th e ir :sire*.aloe® a le rger ion  would 
cover mere • o f the.satho&s surface* and therefore ton! to. . 
block 4 greater part o f the outhodt# la  ^c ic ra l*  a l l  ions 
in  solution*" art'mere o r less hydrated# t s l  % uo i t  might 
appear .'that the s i so of. the hydrated i#n* rather to.au that 
o f the bare -lea skcmli be.'eomidered# - However#1 'Orafc«ne (to) 
has ®smimi> the evidence fo r  and against hydrated less 
in  tkm adsorbed layer a t a' aersnry surface# and has concluded 
that to* ions which approach the' surface closely enough ’ 
to toaom  $$dsor d ’are la  fa c t tanhydrated#’ fh is  'coaeiuaioa
Is  feaaatcm t hm f m t  tM t .s a  icm surr<mMad fey^  solvent* 
siai&th z&mot appiro«;t  ^ jlooaly enough to bm cm  ahemiaerfead*
:V--''tafei$ XXfe s te w s tte : ?a;rl«ms lorn in  insreaalng' 
©r&#r c f t t e i r  a *:s*p*-talmas'for i t e  c#t^: solatioxi with 
swapsat to that ion a t ©*5i/sc|*la# togothir with *r<* ioxsia
fmtimn of ' tto  : isa  aon^ornai#' .
. t l t l i  111# -,.. ■ .  . ,; v.. . ;■
§#s%p* and ismi^ ratima for.rariooa  lw v g m i&  "w&tiona*
: c # t/s i*d m « .. . ; t' ;
Zoa0 : . . „ . .a*a#p*.. n?* , ..... ,.; ..Radian* ■
... .:. . I ' S  ) -  . . ( 4 ,7 )  , ;. . .... (X .8 7 )
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fha of. tha.. ionia ra&tma quoted a rt: takas
from Zertm  and Boa&ris I bXj* . .  from tte s t waluas, i t  may 
te .s tea  tr ia l, w ith tfeo axaaption of t t e  lith iu m  and ,...-. 
a lnm in im  ions* t  sra in  good oorra ia tion  te tss ts  Polariaation 
and ionia alna# te tn , lith iu m  a M -a ira in lm  g ira  .strongly 
■feydratad ioxnt whiah to  not raad ily  doh^drat©* E@m©# i t  .
io  pe&aiblo i&at IImm lorn  -are■ adsorbsi is  IIm p a r t ia l ly * - 
hydrated s ta t ic  ■' la  gataor&l*- a hydrated' ion
ia  - &&%: #cpal to. Him- s »  « f; t&© • radima of th® ictix pirns tha :.,;" 
emm o f Himr a d i i,©f ..t&o' jbydraili^-; tifoits* v lm tho ®&©e;ef  
' a  w ry  email io»# itHs therefore.- f : ; ': 
mot ■murttseimliXt to aappeae ■ tha t na alm iiiEtat im 9wlih ■: •-■■■7 
©me oater noleeul©' ©f-hydratioi* rem itting to l l l '  b t o f eMmt : 
■tin -o&sb yaditis a t -a W4l« mcdoeaie#' f l i t  table ali©wa: tha t 
I f '  t e t  a ia n ia iM  io&w ere aboat the 'mim o f a /.water- 
culeaalo* I t  too- w iiM  eorrelate wits. iho'e#a#p* yalaes* 
fM  eeme argtaseai.may to  applied, to tin- Xlt&lo& tern, M l in  
thl© aao#f the ©©yrelatloa la  net 1 0  good* alt&cusb. it is' :.. 
as teproYoaaat.on t&e o r ig in a l ‘w la e * . ' \  .;
: I f . t e  a«a«p# ra lu o -ia  p lo tted  aga im t’-.tlio: ionio"; 
r&dlaa o f t&e Ion  ooaoornad, t e a  fo r a gives a e la t i on,- a 
f a i r l y . emooth ©urve i i  ©btaised.provided thatvthe'"lith ium  . 
asd aim i&iam iona ay© maimed to  to  of the m m  radios '
4m a m t t r  amleamit*' Eowevor# i f  seder the mama eosditlosa 
leg a la  p lo tted  ageism t  les ie  m ites*. a lia tm r m sm  i t  
©btaiaed# ■ 'M s ©srv© is  ©turn* in  £%# Ef t e s t e r  w tts ■ 
the oorraapoodii^ aarve f o r t e  more-dilute so la ties  o f •. 
isorgtiaie ©otiose*' • In  te n  la t te r  ourv©# the l is e a r i iy  ’ 
la  not oo good uslosa the- ra d ii o f the lith ium ^ aodiam; 
$otaaaituai{ almmimtei' t i l  thorite* lorn  a n  tataa m  bo lag' ■ 
tho am o f the r&dla* # f the im  p lm  tha t o f era water- , ' 
nolooulo#.- Ei ® tw f i t  in  m i  to amppoao .
that mere iooa oould.toM  to remain msSjiraiea l»  marm ...
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d ilu te  -.solutions#: and that ;■ the -ionia slm. ueuld; tend ..to be 
larger# ' SEie lin e a rity 'o b ta in e d  ts  ram irkably good* shear 
alloaa&oe is  made fo r  " to  "d if f ia d lis  -or obtalm if^ t i l la b le  
.taluaa: fp r  • f l i t  lo u ts '.rad ii#v.: Tho used wart obtained
by X~ray mm&rmmt%  ©narysta la* and 11 i s ‘;w t ll kisowa’...
tha t ion ie  radii vary w ith  the ci©s4itioaa of rioaMuremeni*
%% iu:m% ^my to asai^ s any aba#imlS;tliforatiaai 
s lg a lf ie a im  rto..- the .eurva. ..obtained# bat I f  to ts  indle&te 
■that other faetors (eactenf o f ; adsorption) .b e in g  e q .u a ! t  :. th e  
po la risa tion  p o te n tia l- is  lafltasmed by the sise o f tbs 
added ■resgents.la tbs .solution#.-: It., is apprealated.-.that-; 
Maai' .assuiapfloas !m?t been-,.made. Is  obtaining tim eurres, 
bur a i l  o f f l i t  asiuaptionsrbaf# ssss in a tlf la a tlo n .o n ;•■. ■ . 
generaI groui3&«i# and tbs resu lts  obtained a rt . is  agreement 
w ith tbs ads©rption,tfcsery* ; -, ,, ,;., ;: .,. .•
work: m  nsrudepositing. eatlom  lasta  at 
least u u& ilt& tire  "support' to ’ the adsorption "theory*-as the. ■. 
resu lts  a rt d i f f ic u l t  to explain ©a a'basis o f the ©tbar 
theories*", ■while i f  is '-possib le-to  exarisege'iohie radius ’ . 
af fee ting" polarisation. I f  ” the 'adsorption theory' is  aoaeptad# 
i t '  ia 'd i f f le a l t  " t o ' resoheile 't te  o t ^ r  theories w ith ’ a 
aorre i& tion between le u is s is ©  and po larisa tion* ; I t  should 
be ’noted th a t* 'a h ile  the in terfe rons* "is eapahie o f 
•xpiainl&g..aueh a ■ asrrs ia tion* 'the 'o ther ©vi'dene© fio n ia  " 
strength 'e te*).po in ts 'aeay.from  th is  theory* "
5^£psillga  from solutions 7t?iteXategjDr&&nia Additions* "•
te la  part c f im  work { *e$tion TXI and T i l l )  i t s  
aonftetd to an. examination o f the o f f  eats praduatd by , 
oarta in  typ ia ^ l crja&la noieaulea* and as has bten desaribat 
e a r lie r*  I t  wm found that these rivg cs t*  aou li be I l? M $ i 
in to  fic i ®lmmm** '
■. . Ca) &©s© whioh t i t  m i  m a te ria lly  a lte r  
.the. m tura o f , the deposit# .■
^. Ibjfhoaa whlah markedly reduaedth© grate s ire  
©f the. deposit* ; . .
Soasidarteg'the in e ffe c tive  group f i r s t  i  thara jibs sereral 
fas tors" ih la li require e&planationt.. ■
I  A i l  nsrbera ©f I l l s  group teare&aed the' 
po la risa tion* , , , . . ■.
. fbM .d if fe re n t ia l o f f  eats o f the'wotting ; 
a^vsts* .;., .
. ;,. ■., ; 3 ,rnM»%mmu of.very .d iffe rent .ahemiaal
©onstitution a i l  hata s te lla r.-o ff-a te * .,
.A ll th is  ^roup'{thiomraai. fh iog lyao lilo . aaidj gluaose* and 
't i i t  wetting aganta) o f add ition  agents' iEartas@t the ■ 
po la risa tion  w ithout *r3c*a% tho grate s irs  o f the- 
depp&lt* th is  iaofc o f e ffeo t/by thiourea- te smrprislsg^ 
p a rtie u la rly  In  yiew of,'the. resm lt.r reported by S J irtir t u t  
i t h  (a s ) 'o f 'th o  offeat.of^this;..subatanaa on the deposit 
and''polariaatlon o f eopper Is  aaid.eopper smlpMt© ■ 
s o lu t io n *  /J£fc,-«nd grirteh I l f ) .tore ahova that t2dea»*.' * 
10' preferentially adsorbed on b le a te d  planes of a ©opper
* * 1 4  i « *
ningit. o rya ta l# sad tiia t -litas# planaa U M : id  girs^siaooth. 
t e i ja t  U iio a iis  ■ from: sold sapper salp&ats 'soiatX&iss* ■•■; ' I t  ' 
s-itaa: rtaaam il# : la  :nufP0Bt' tha t
s im ila r ly  .towards . s i l r t r *  .and fea ss lao thrs ly  adsorfetd on ',"
pariidu lm r' © i^atal planes# Zenm* s lm o tha adsorption. Is 
p re fe ren tia l* and u lm  the aomentratlon of the rs ^ e *1* is- 
X©«f p ra fd r«B ila i deposition w i l l  ©aaw,oa ifcose-part® o f ’ 
the aathode shlsh are not severed*'-and time ill#  deposit- •... 
w i l l  aensist o f ao lram r i f f stals# .- Sl&o, sl&se those . 
parts ©f the o&thode i & i i i  ®r# Isa© suaes'ptiM,* to 
aioarptlon w i l l  is  gsrar I  tend to i t  lm &  favour bis to  
..the po la risa tion  w i l l  Increase* fto sy fh t 
e ffe e t of tiio m rta  m i .he explained os the same basis as 
that ©f ;tha nations# s im iia r if  #th§ o ffs e t o f.
th iowip a © llla  aad glmsosa isay explained/.©# a baaia
of p re fe ren tia l 'adsorption ©& seleeied faaaa for fa sets) .; 
o f tli® eathods# ,.fha pro t a i ls . .reason .fo r t i l s  p re fe ren tia l 
adsorption feting; that* e ithe r ..the $&a&tity o f the,add ition  
agent la too ismall to ^Iva.. extensive severing {thiCLlpeollie 
a&id)i;;©r t  »• reagent in #mlf slightly adsorbed m  the.' 
sset&l oarf&^e (glusese)'* ■ ■ ., .. .
-:;.:-vs:. -r.:'.-> ■■■■--tni# -'oa.as® o f ;the 'wetting' agents is  o f in te re s t# ' v
In  the1 f i r s t  in a to s e t :'th e ir  fe tM fte r  :i s :;a m l^ 3ou0 ' to that 
'.of ■ma|! i t  explained is  .the urnm way#
However* a xmofeer.of other iafarsaoss-folios from, ./a - .■
cf th e ir  Indlvida&V aM a tlla e iiv e  properties# 
i l l  %h® vettl*o .tend .to fee .atrot^l; adsorbed on ..
-4? ©-*■
surfaces f but t&ep H oi Mffljt m  m  teMeaop to fora 
aouipX**- l©un* sat ft provide te th e r  ;
efideuoo to iiniemnt tho- aomplex ion t&®©*7*
*
:- flat ohoiae sf tee p a rtlea la r; terse reagents used,
was -governed :>y th® fa s t tha t tbs? w w t typiaally aationie/ 
(oeiy l'pyrid ln iw -n itra teh  snieaia '{sells* db&aeane*!* 
sulphate);; a»4 neutral {pent&eryteri tol) in  ahar&eter#
fhua, although eaali one has a i i f f a r a s i  tendeney to migrate 
to tea aateod®, ©11 three 'ihsreased the .polarisation 
p o te n tia l. but ■ tea■ a&tieaia reagent naturally aaasst the ' 
greatest-lrore&se* Therefore i t  may la  inferred th a t, 
whils the sign e f the ehargs c f a giro a reagent w il l  
govern tea extant of adsorption, never tee less, adsorption 
takas pl&aa to aa appreciable extant even i f  tee charge - ©a 
tea roagsnt is  stab m  to eause I t  to. teni to migrate away 
frcm ths aateoda* snare is  ■ some eoafiraatery evi&enae for 
te ia  view in  tea fie ld  ef e lo c tre s a p ilia r ity , where drahame 
(IS) tea demonstrated that aniens are a i^ i f la a s i ly  ' 
adsorbed on meraary evtn tees tbs metal la aathcdia, {I t  
is  o f in terest to nstiae te a t th is  infers that the effect 
o f tea n itra te  iea  ©a te® s.p.p* of s ilv e r  may be o f 
importance,'but th is  is  exte. j i y  d lffiau lt to investigate, 
slnee very few of the irmgauie sa lts  e f silver aw 
relatively  soluble)#
• .tee th ird  fa s te r whiah re-iairas explanation, is  
tha t tee inactive  group e f organie add ition  agents inaiades 
sabstaboea ef vary d iffe re n t afeeaiaal aonatita tien* I f
th& 'edsb-gption theory is  adapted, :(and tlit ^ ig b t.o f  the - 
eviienas favours this theory), fean i t  i s  X l ^ i j  that those 
reagents wbislt'are. inaffestive ia  smoothing t ie  deposit, are 
e itn tr '©sly sligh tly  adsorbed, o r ' if-they, are a t r o l l y  .
■ adsorbed; 'they are either'highly' preferential., 'or present-- 
in  &m 't: assail amounts "a# to ’ he' unable- to give very extensive 
severing .:©X the eathode#'" :-; ■ ■ '■• :
;-fhe ■seeesd .of ©rganis addition -.agents.' was 
the one ifiieh markedly .decreased the g ra in -sift of the 
deposit#" &a .three most extensively investigated members
,v :' .- ■ , -■ ' ‘ ‘4 ■ ‘ : '
of tills group were di.trie .eeidj - tartarie . .aelds and sminoaeetie 
sold, slthoa^n cLanlnoproploni* -sold and- gelatine { a polyw 
amino &$id)-were also examined* fha .us# 'of the-hyd-roxyaeids
was pro iAfce.d % the -feat .that many workers e*.g#: -fufi and ■ :-:" 
Eorseley. (s3) aM itueya and have; obtained - r
sarkeA-l smoothing- offsets with- nmU reagents#.'": .-. Gelatine is  ■ 
an .addition ag^nt whieh .is . widely . used. ■ in . oommtraial ' ; : - 
sleetroplatiiag, and amix5oaoetie;;&eid:was..-ehosen as' typical- ' 
of the. probable hydrolysis p-roduots of gelatine#- . 'V;V '
■’ ’.'■ - for eonveaiensd*. the values of the e«s#p« for 
different eoaeentratlons of the f i r s t  three reagents I n : / ' .  
G,2 SE Xg&Og at .0*4A/s<|#te*. are -sham  in fable XXs.vhish . 
represents a summary of. the. r@ii.lts obtained in
VII# fhis table shows an. Interesting anomalyt .in that - 
solutions aontainiftg 0:#0CC0Ui- e itr le  o r .ta r ta r ie ' Hilda gave .-" 
higher o#s#p# values than solutions #ontaialng:.O#00lM of . 
the Bmm reagents, end a similar-phenomenon is  exhibited--
tap aoatalalag. aiaino.aotij 314 -st B ig ler '.'' ' .-
oona&atrationi#' : .
a,-,, *-■.■.■■■ Te.fcl® 't l9  #'■=■-■-■-'' - -
a«s*p« v&luoa for -0*251* sqIIC^:^ Yari0ms crgeni® M diiiosii*
■;: -  ^  ^ / v; f > y ; - f # JUS*' : : ;> - ', V
■ cfoaaa#-' v..o*oo ’ociM■'....■ o#poxK,: 0*2 ::: ., 0
• - ’A, A* : - y : a « #  ; :.t ; ; y
•' '41^^13 £>314 ■■. • ■ v . ,-3X#4t .7:.,: ;■; 4T#0 •
faftafl®' m *14 -.48*0 :;;v::". vr. v , . ■ ■ 211*0 ■ 5X*0
jjaiao&eftis:‘aaid v :» ,m -  10*0 ■ ■ 2 3 * 5 ; « •  ...
flie explanation of tbi* o ffse t the"
sppdaru&j* of tfc® deposits# J10 lo s s a t 'goaaentratlon
solutions (C#UCwll* o ltr ij  ajid o&A tarturi* as id ur*l C*CC1^  
amiaoaottia §ta!4) all, g&T® . deposits’" mbloh§ wMI# iiiey ' ware 
oo&sldsrably smoother and finer grained't&sa these from 
simple s ilver  altrut® solutions, w ya .novsrth siess'still 
<&uit« soars®*-fb©'.’deposits fr©a.0*otii A*a*:solutions - 
■ (OfSSX oniaoaeetia, -aeM); *®r®' ©empl«t©lr.-;. s^©t&#r- , ftar. the 
tru® 3*4# for. th,® l®ast ®om®ntr4t«d solutions' ( where ,, 
deposition la  x*fttri*t*& to- the ends-..of. .ths - solu&aar ary s ta ls ) 
was m ill greater ...than that for- the stronger solutions* and 
thus tli® eurv** (figs*.. I f ,  - I t  * -.and .22;-} for t&s lowest 
oonssBtratioa- of ■ addition Mgmt- are bo I stria tip' .oe&p&r&fcle 
with those’ for higher a o a a e a tr a tlo a s* th is  .phenomenon 
■ lands-support io'-th® adsorption ..theory, ;in. that It: infers 
..that fo ra a  addition agent to; lit ®ff®ativa'.:ia .smoothing .th© 
deposit * ' i t  j&ust hi present’ in  mimMtB stiff is is n t  to gl?e
f i n
a high degree o f . coverage .©f - the- cathode* ,slthoiigh'..the ;- .u 
optimum amount for ..aempiete',em©© thing :is  s t i l l  so?small- as 
to' pf @’<slua@ ussy m tshanisn.except adsorption* The fm t  
that amino&cetic;: acid , requires; a , higher..■se&eeatr&tioa to ■ 
givs effective smoothing* M tf -when.-.tha appropriate:-
is  ...atfc-JL^ ed* ,. i t  gives. a .brighter-deposit* 
Infers that the. rataa of the adsorption process** higher 
for "this- 'substance than f o r ' the /others# '" "It m i l l . "Shorn
later' that 'high rates of adsorption uni dasorptlo a tae 
lik e ly  to encourage. the tm m tio n  of smooth'"bright deposits* 
I t  is  uImO iaic^uatlj:^ to notice that tue po lar!su tios does 
not’Increase proportionally with the uao«*t of addition . 
agent present* liiea"that amount la  largo* fh is'in fers  
that as tu*ew extent'hf adsorption reaches a high value f i#@# 
as 'the area covered approaches unity) # farther increases 
in'the concentration of' the addition "agont hate l i t t l e  
effect* a ' '' " ; " ;' ■- ■ ■■ ' ■ ?
la an earlier part of th is discussion* i t  was 
shown*-from a ■ consideration’of ■. tbs' of - complex ion
formation' if . the -various reagents im .the.-second.'class. of ■ 
organic addition' agents* .'that ;the ’ sampler i m ...theory.. to ts  
not m$mmt for a l l  .the observed results#. . However* a ll .. .
■ tiie .observed e ffec ts  of th e .organic,addition 'agents.are-: ■ ■ 
of explanation on a. basis of. .the. adsorption theory#'. 
I f  I t  i s  assm td  tha t a l l  organic reagents . tend to b e . 
adsorbvd a t  the cathode*. then the precise, e ffe c t ;of any . 
given rv t i l l  be scaatrell@d-.by the, following factors*~
174-
reagent may .fee generally, adsorbed*
i 11} ...rha reagent aa | ha speoifla&XXy/ adsorbed
C <* Vi^ 5^ «*N .
at aathode: sites*
{ill) flit m m m tm tiom  m j fca. low'
I It) Hit a©naantra tioa ©ay ba - .high
(T) fka rtagsat may ©»Xy' f  safely adsorbed#
I f  a g i f t s  reagent sa tisfies. I i)  t is i l i? )* . them i t  
.-.to gif® a smooth deposit* :te t i f  |i? )  i s  not.aompXeteXy 
a t ta in e d , . the -deposit t i l l  be .finely:..orystaiXisae #■■:■ : .If- the 
.reagent sa t is f ie s  ( i )  tod (ill)...- the-, deposit-will- isiai to 
be .$o&rse« -. ;.- If ta t  ■ reagent -o©mea -under■■{ii). or ..(▼) # .tbs ., 
m p m lt  w ill-lit ao&rsaly erystallins. irrespective of., fas tors 
J i i i ) .  Or)* flms .safewt-jaaea ..to .eMto, fas tors ( i i )  .or 
If) apply.will fee:1a-tbs f ir s t  ©lass of -.addition agents,- ,; 
.-:afclie .those ".to toieh.. fas tor Ii).ap p lies will"fee 'In .tbs';-. - 
.sssoad.oiass,proyidsd.‘tbat; the-eo&aeairation attains as : 
.appropriate value* ■/:-.. ■- ■ . : ; ,  ■... ■ :/>.■,
fftl** *%n ' $Si*4 wkfi tS#
deposit& obtained from-aoiuiitos taafc-ilaira mmXmmeti® ■. . 
&3ld f $&>»$&. -.that .there ..was. m B trm M m l difference bstaeen 
. tbsm# tod'-time i t  may ba’ia fsrrad .to it a-bright da posit is  
simply a smooth deposit in' vfelsfei th*::*arf&sd' irregularities  
have.bean $mM rotated# : In vtlis .attainmsnt ©f smooth 
.deposits* i t  i s  Glossary to add some reogtot whish w ill 
tend to fee adsorbed ©a tbs grafter part of tbs e&ihods, , :
flit X*ray examination of tbs smooth tod.bright
ami . th is . smmu - t h a t  ;.t&srs u t i l i  ; .£ ie  Im & l  spota cn ' fe & a  ■ • ■ 
o&tfcodo a t  .■ w t i l a i i  .=.tb©r© i s  l i t t l e  or - . a © '1 adsorption* ■ - f l i e r ©  
w i l l  tend t o  1 s t  p r e f e r e n t i a l  . deposition . a t  w m ' h  spota *  a»d 
therefor© in. order’ to o b t a i n  a bright do posit* - t h i s  must . 
feo.-.prOFuut^d#: • ■. ■ ■. . : ' . • ■■ ■
_ .  ■, In  tho present-m#rl£t .i t  wm found, fortuitously f 
that solutions eomtsimimg .o^uiiaolooular ..amounts ©1 '..silror 
nitrate'.and u^mosuetie m iL m m  m m kM  of:tiring m 
smooth bright uspcsit# ■ vusfc .deposits wars -©ntremaly ■ 
difficu lt,'to  ropsodua©, -’but usre .usually ’Obtained- usdsr •■ ■ 
aoa4itlona of aiitatioB*:-  ^ sron tu tllf# I t  wae dissevered? •-■ 
;IMI additions of.:small mounts of a lk a li {SuOB :or l'
§aro a solution whiajx-.nould -.oontijsuoualy-rsproduss' tho . 
bright 4spositf ' provided, that-the solution ..ms -rigourousiy ■' 
stirred. at a l l  limes rnhnn- the e le str is  ©urrsmt ua& passing* 
i f ;.the stirring was'Interrupted, ©reu‘for ©aly "©BO or t»© 
minutes* t&©' solution reverted to the j^iwhright-type* 
fh© • uikali was added tuiakiy uni at high oonj* Stratton* and 
*us& aomdllions faromr the fcrnetton cf ecliol&s* Heaae* 
i t  seems reasonable to wuppost %L*t tad a lkali gar# a 
c o llo id a l p*ettpiiut© of-either nilTer hydroxide or silver  
©ttdo, «i4  *u-t tills aolloid «#<** adsorbed on tte lo m l - 
a©lift npota an tne outhod*#'-. nush.oolloidS or© unstable 
in  highly aait solutions, and I t  i s  therefor© prob&bi© that 
the offset. of stirring the solution «&ft to reduee-.the ;' 
hydrogen ion eonyentrution in the • e&tbedeT layer, end tlms 
to enmsX© the aolioid to rc^aa In suspension* If the
agitation disseatinusd# ■ to ■ ill of •■■'tbs ■ solution' to to 
s a t o i t ■ layer 'desreaaed, ■ and. the, -e©llol& «ai destroyed*
\ ' la  support of this flaw, I t  ms found, possible to
obtain ^ r e e la b ia  brightening effects  by t o ’ addition of 
asasoaie. to solutions containing sddijtn e t t x t o ,  but 
solutions containing an © jUitralent amount of o itr ls . a&ld 
would sot give.a brightening effect# Similarly, i t  mm 
feasible t© obtain *cw brightening from solutions 
aottoininj o< ~umlo©prwx io&id aeid in place of the m ln m m tis  
ta il*  However, again i t  smu not possible to obtain sush 
good results as with asilno&satls a til#  ■•., Both ■ these offsets  
eorrelat* w ell1. with. t o : explanation given of bright -deposits, 
sines t i n t  ■ j s S , . o f  ■'Sodiam.ditrst® - s o l u t i o n s . , l a  -greater-than 
that of. ai tr ie  ■ W id ,v c**&i&nine M i - a m m ' as id ■. read tion  
IMs *m a«oasstie,said*:: I-- - c a —-
fM postulate that adsorption,, ra ther 
to n ;  t o  formation of «& s ilv e r  scntainlng co llo id , i s  the 
as live ©tuae of brightening, was demonstrated by -replaali^ .’
• the ali* JLi *itu a wetting agent (octy l pyridialoa n i t r a te ) * 
fills g*va deposits whloh were even b righ ter - to n  those 
obtained hy the addition of atnoala to t o  so lu tion , and 
even in  unstirred  solution, sons'brightening was observed*
I  adtioaia wetting ag©Bt of t o  : type w ed , is  unlikely to 
form' eomplex. ions, and therefore, i t  m at. met by adsorption, 
farther, t o  stab ility , of such a reagent-is'less.'likely  to 
be attested by sbaagss’of p8 #': /  Thus, t o  'brightening o ffse t, 
■pro&uaed by'tbs-"addition of small amounts of a lk a li or
- I f f —
wsthinj afe to solutions watalai^oj&lnoaee tie  as id , is  
caused'by'the preferential■■adsorption of tk# additive (or.- 
m m m m t  ion product) oa 'a© tire spots in an-otherwise’ 
smooth deposit* however,, stirring s t i l l  -affects "the: 
brightness ■ of t o  deposit, even when the added .reagent is  
of. a. type imilkeiy to be affected by. pH and this
i s  probably eonnceted- with '’the fa st that . the pH of -the 
eolation fr c Au«ntly affects.the"preoeeses o f .adsorption*
(An .alternative explanation would be preferential adsorption 
of hydrogen ions deactivating the surface#) '
;.lt is. noteworthy that to properties of the . 
brightening agent• are 'those'of t o  first.typ e (inactive) ;■
©f. '* organic: addition agents* aBus# - the production of ’
bright deposits o f ’silver from solttUors' eontainlrg 'silver  
nitrate, he accounted for on a b«ais' of t o . adsorption. 
theory o f - addition ©gont'action,by 'eonsidering two”distinct 
types of r e a g e n t * t o / f i r s t  of these must he present In 
large''amounts, and' he .’.likely -to -he adsorbed g a u ra lly  on '" 
the greater part "of the cathode surface# Sueh a reagent; • 
used'alone w ill give-a .smooth-dej^osit* t o  aes’oad type " 
of addition ’agent naed ©sly 'he' pmmn t  in 'sm all’amounts, ' 
aa4 its* fanetton i s  to adsorh ^preferentially "on" those ■ ■ 
parts of the cathode-'not covered by .the f ir s t  .additive# - .* 
Suah a reagent* i f  used alone w ill-give a coarse deposit*- 
In combination* t o  two-addition-agents w ill give bright
smooth deposits* - ■ -
mlWm
fta  ioorpticm * u  ■ •"
IJLu f ir s t  'part, of t i s  disamssitm ta t served to 
«h«m that t t a  adstrpiios ftaory’©£ iriglit' ;piatisgf and 
tdoorfttoa 4¥Jf^ruii^# provides the ®osf ;#ou^r^JLw i^^o 
expiaaaatioii of the etawrved i-tameaiim* It hm  e iee fceea 
ataia ;tla t'B iitta r  o f  the' .-ether nmj©r ttaoritii .pretrides
Bmh ■■&■ eoi&plete mad saii«f40torf,.oxjplMatioJa of., the  ;
#xp«rii3satiilr^stltn* ... ,21 i s  ttar@fnrt proposed to .seasider. 
tat Msarptioa. theory I s  m ill?  mor<i da talX#... ,
; :V ■' fha oo&eepfc* of &decrj?fcica affsatisf" the 'notaro 
£& f i t  3tro&e fe s it le a , mm f ir s t  '‘ proposed 
iy SwAAUfoft l l l #" « i#:' altLcrxju* al ton' tto M t reaeived 
t i t t l e  sappert*; this t  tvi7  ru- gradually* era* to : ha m m  } 
m m $ ted, m sia  ;'a4Mi&ey&hie 'isjaotsai' of experiiseat&l ' / ? ; ‘;:
h&a'-heea " p u t  forward in  i t s 1 support# ;i - flit 
Iheeretii& I' iarataposssi of the s o n m $%;k a  l##a ■ Harriet ;;- 
out i f  several *oxkeri m -m  a -j&s&e* of years; M t '% m m n t  
paper iy  * e<*r'{?)"0i&ims';fartiestar attention# i& 'ihisr-' 
Boart " la  a ecxsider*utioii'0f "bright Makei:;pla.tisgf 
empxuaiaes "the feat that cdserptlen/'ia a y p tQ s m Q  §
M i M M m  i t  is  aa3essary to eeaa'idar both the' rate of 
adsorpttoh* ef'deserptieiu cuefc prontasea# ■
lear poiata oat# nay be'represe&iad m&thesatte&tly' by the
.method of ia sg m te *  f ;
'%!>■ ■ ■, g ■ ’ k ** '^Ult■■;; .■ ■ ' • tut# of adsorption' s  M*
'  • (
-. Kate :of desorption ^Aee.j^;...
Mtmm e  a ■ iraatlea. ©f area-’eayared* " : '
-.$ ■» estivation energy ©f :''.sd.s©rption*.7 -
■':y' £ estivation. energy/of desorption* ■ ;
: ■ s ’® sonsentraticn*. ,
■:" "A and B « trn&eraiare lEdopaadejat .:aoMtaata; ‘ :
. ,.. ■. ©a. th is basis* .Eoar; developos m, thaoryof ...teo 
elusaes of addition agent* . , that a l l  satfeode sites,
are eiu XI y favourable t©.i#p©§Xti©s#, tom  random deposition 
(whisk fayoura.bright.STOoth.deposits)' In m ^ i  l ik e ly ■ to ... 
w m ? i f  to r e  i s  asMdoia distribution of uusovered s ites  
©a .the.sat&oda at any given Instant* .and i f . these 'sites  
are,’in. a;stats..of constant flux- from piss* ..to piass* ' .,8aah 
sondltlons art lik ely  to © tor, i f  © in t o  above equation 
is.lsu^e labcm-i ©♦V)> .a»d the siulilhrinm rates of 
adsorption and'desorption'are- Mgli*::; • t o  type ©f':moXeaule 
lik ely  to sa t is fy  these'.eoadltions, "is- one "for nM#h A and 
S ar# ia r it#::as4 :l a aM '%' ajr@'sii%ii* :; 8mk moleeules art 
lik e ly  "to’ ha- erganis "moleeules ' of-lo^ 'polarity' and aamll ■ 
moiseular weight* and'if t o y  ere also easily  soluble* 
the-ooneentratlon-.eaa-.be. insre&sad* ami th is to o ,s i l l  
favour'the attainment.©! t o  re±ttir*d's©«diti©ns« . Shis 
forms Hour* s 'f ir st © last; of ' addition' agents#
. ' 'the sesoud aluss ©f addition agents la , necessary 
i f  mm m i m aoutons s i l t s  particularly favourable 
to deposition las in  fast most metal surfasaa ’t i l l} *  In'
;thle m m $ it''In ry to v  ^ a further adlitiom v&t ■
thiah is  ' likely " to ba atrongly adsorbed-in m 'preferential 
manner on"-to highly - astir#;'spots# t o , f i r s t  type of 
addition agent: is  almost otrteiu; to It eve-, sorrs, satod# '" ': '
.sites' uaoorered* and 'w ill" therefor# g ift  stoiiio ias favourable
to l©«#l;:pr#f#rwtiol''deposition* . -%mk s ites will' be ' ' 
Oiuslly favourffcls to •.preferential adsorption-by ;the .seoond 
olaso-of'aWition ajonli* m i, ttms* t o  'toond. alassrof' 
Mditiv# willvfumtion ##■ ■&■ brishtoner t o a  ussl is  '■•" 
son j t o  lion fitli t o  first-typo# ■ Eoiseules likely to- ' 
txfcifelt prepertit# r#qulrsd of t o  **se&& -type of addition 
agent* are large» highly-. polar .moleoul##* , for th is ,typef 
t o  rates .of ■ t o  adsorption. m e #  set# need n#t_ta high*- 
sine# .to , fane tio», of;, t o  addition agent .in. th is-m m  is  to 
slos up- d«p©sitl«n at -, t o  aatif# spots*. ,.
■ -3  ■ ■finally* Eoar points' out’:to t"  t o  t o ’ siasses’'''.of 
addition-ag»t proposed*/ ar# ■ not au to lly  ezalttidra/but' 
to y  art' oomplejssaiaxy i a ’- to ir  nation#- Also* t o  
m r m l& tim  frequently 'to sm d  'p&lariaatiea ami
brightness i s  inaidsnt&l r t o r  than.'direst# "■-'
: rrwi ’ tto« tlis@ry as s ta ted  by Sear* i t  i s  pessitsie
to sake several fa rtlie r is ta a tlo s a , .a»4 also to obtaia a 
yejaarfcatsiy geoi . i< llta tiv s aotfrs latloa b3i.woa tua t&aory 
aM Sis® ex;|»r:UHnatai w r i t s  'reported a s r l ia r ,  : '
■ Eoar .'tot'.addition agents.of t o  second
type# are-likely to t#;Mgiilf p to r , ami strongly adsorbed 
&i ^ tria ls preferential ai.tea os tlx# # a to is* “ fixis infers 
th a t.if  sash aa addition a&e&t i t  alone present i s  to-'.solution, 
it'wlML tend to block tlioa-a n i t o  particularly f&rourable 
to deposition* lienee* deptwitiosi. auut n.cy« occur at altos  
l e s s . favourable to deposition# tM i t  i s  probable that 
i s  t t i i  ease# t o  poiariiatiois t i l l  -increase# s t o t  more 
energy t i l l  be required t© include t o  :t m  in  tm  la ttice*  •■, 
Moreover#; '-under sue t o  auditions# tbs -.deposit t i l l  toad to ■.■■ 
b®'dendritic*
i>ites farour'able to &©i^siii©n are rory. likely  
to ©sour i s  m in i ■ surfaces |«b.idM ar«!;uerer'-Tery . 
honogensous) at pto®is life® - tits' edges of crystallites#
Atbsueh ila a est tbs surface'fieIds -of force art iim tfisfie i*  
;sM w ill t&srefor#' tend' to fwour. both deposition &M also  
'adsorption* S tes.ln  aiiaide M irer nitrate solutions* it' 
is' reasonable to m m om  that# adsorption ©f bytrogen ions 
present, in  the solution takes'.place at selected eai&ode - 
sites#  ■ i t  km  slred&ybsen. shewn t o t  adsorption does 
oasur at natal sarfases#'and i s  of Hie ekemisorptiou type*
For' sueM sdsoivfrien# I« . in'lorga* and lienee tlx# rate of 
desorption s i l l  -be /sloe* Md t o e  i f  1 aretes iosa art . 
adsorbed* they ...will tend to.block, parts ©f the cathode, and 
the deposit w ill  I t  coarsely..crystalline# f!aa- e ffect of
-the mojMtsj^aitlng' cations laay be explained Is  precisely ■ , 
the -  ua way# and, i f  i t  i s  asauiaed t o t  a l l  such loss art
adsorbed to, the ®m&.-talent * t&a X ^ rg m tm  w ill itM  to., 
irr^  tu* ^rsatsat o ffsit#  ■ la  tiiis i t  la  ,: ,.~
ia tsr tstlsg  to B0ti§# t i i l  XI Uitiw^i of. t a l i  tot& e 
uolmii® haw. little ,or., m  & ff ot# fxois I t  itmf.to 
i®ferral;that m$k ^^xiM om  Ao.jaot appreciably: a lter f m , . 
exteat of sdaorptiea fceaouao. itit .SI -of, the..eathode. layer 
is air^  ay low#
":- • . ’ iS'tM 3 5^ e c^ttm eoluiiejBS or^&ais
i t  i m l s m  t l n t l l f ,  asticm .of tJae etMJSg
{thiourea eta# I $ j Is explained in  the B®m ,® | 
as t m 1* cr^rio e&tloua* ... litters** • •
;: -. .., |i) ftm ©oi&e&t»'U©& is m- Im  that only ■
& u .a il tzm%io& of:the -.raa
, . or (it) fhe eiu iiIhrira rate®, ©f' &d;s©rpti©&
eM 4ei&orpii©& err  too lm - %® tapoaitism* ■
©rjiiil Tus in, of. tfe»,eee©ad type
©f, addition agoat*- t s i  will; therefore mtjewotei;.the ' .’ 
aepoeii#
jkll i t e . repeatsf exaopt..glfcaoao* ..in at Ion 0©m®aatratida# 
mX **4 3* faster fi).; applies# • . fiii. wfcti£& art
.tooma, to fct airoagiy adsorbed* taft- ites faitor fill la
possItit# ■ -. filially* f alter . ( l i t ) ;say apply, to a ll the .
rc^oata# ■ 33ma,aii the rtagsnts' ehleh to aoi aisooth' the
dapoalt* te,i. ts ;siall&rly f althoagh tho m*o&r fo r . their 
fi4tlon m| to ilffsraEt# . ..It it diffiixlt. to .1? *Vw && 
A«**s*fiMmt. of the protufcl© rtlstira n **itudea. of the • • 
•y&rio&s fas tor# is mif flftB aaee, feto&wie liitrt is.little
m  m  ImSmtmfim. t&a ud&crptio^ ?
1 t m M ' m -  sousestrated «a*d eomplex---i«r
'■fc&ose- m M r oensider&tiQn*' ■■'■••Bowrerj' it' ;is..Interesting' to 
m t i m  .-tk&t ■ t&a -.majority’ of f a  wn^smool&isayre -enis-. - 
aom®- into Boards' eeeond -elas®’ of -addition-^ents. in :om' ■ •
/ft  or-andtftar* m i  are t]i©r@fo^t'aoii0 l l f e l | ' i t& m t a,
**■ taXi&teners of ssioqI  ^ t^poalts^tliSi'ij ss  aaoot'bii j  -'agents 
:,i.U '.tkmit -mm -- '-o^a-; ^0 a - - - " -
’Th® adsorption theory* as developed Bear* i& : 
also in  fc&rmony wita tlie w a its  obtains! for s ilv e r  nltr*t$ 
a elutions aa&t&inis  ^ o itria; t^rtarlas and as*iaao*3^tio a s i is # 
*J>1 %Mm reagents f a l l  into Hoar* a f ir s t  elass of ndditioa- 
ags&tsv. an! w ill therefore tend to smooth the deposit* Of 
tlit tort® y.noted* amiaoaottit ai.it la  ©oat nearly  ideal in  
its* ‘ properties* tM  -thi# gives- IBs smoothest- deposit*-■■;! 
ftmiT oitrid  aeidj -and' iart&ria m M  only largerf
■Mt also more polar mcleanles tlr.-in ofBlBo<mtie'sa id # and HI.
-l&ttef’tbsa im iM'-£mmsr rsagea't* ' m'.-'?* a-.*
T h e  F s i l i a n i a m  o f  r l e s t r c - d e  p o s i t i o n  a n d  M atin?*
: ■B- o", ■ *»&3 experimental re s u lts * ; and th e ir  so rre ia tion
'rttiBiBe alsorpUon:tlitoryas! er:prt'taed fey‘Hoar*-lead to 
% 2 m  t o U m i n g  m m ® . p t  of t h e  m e e h a n i s a  of deposition a n d  
feri ht pl&tis f^** : ,; , . ■
■ la  the f i r s t : plait* i t -seems ..life®iy tM tf etea 
in  flit simplest solutionst. there i s  &© sufcst&im present
vfeioVfl4aor%»' to a § r o to r  er I o n  t o  satioln* 
iM t . 4tj»Misg; "on t o  pre?leo- m tvm  .of tula adsorption* ' 
m  t o  - deposit. will. fu st'to  few 1101*0 or Xaoo'.s&oofh* -/, If  
f&t r-fag-fnt f w&«tkzr n i taraiiy;ffts ix t*  • ©r a lt# i) ■ i s . was&
■.that .i&a.-eft&lifcrlam dagroo of,. adsorption, ia  l$«, *uad/or ;.■ ■ -
t o  m tm  ©f ■ M sm 'p fim  asd desorpiiozi aye low*.
ton., tho t i f o i i f  w lX I.to l to ; I t :soarstlf orjr#taXiifiat ■ 
Koagonta,w&ith ©IfM . ©spaatoi- to giwa: «aa& dopeaits* •; ara :
. t o s t  ©f polafcity, low s©lmMIXift t o
&oU?aii©& of adsorption mud dooorptioa art high :
{i*o#,t&oao ro&goata whibii tost .to fco oiiomiaortedl)*'or*,.', 
i f  Hie moloxto i s  Jdgfciy apoaifio to oortaia mtiv®  spots 
m  Urn 11 su-sti roagents fa ll ' ia to  Uoar*s sooobA
© t o t t i  addition 03o a t s " ,v
......_ I f  t o  4 a. of pm, ty pa llkoly to .gift .Mgli
aowaragt of sarf^od#.aMv ' ■ • 1 V". ' '4
e i u i l t o iw  r a to  of adsorption and dooewptioi** a to n  i t  -w il l ’ 
fall..into, fioar*» f ir s t  olass of. addition .agonts* m stos 
.«woh,wlLl ,ftM.: to'gto;#aootli' or deposits, ■
SaiJa* ©ato w ill :i#M to. It., fount nmmg . t o  low polarity
or^aMo'a©ieoal»a# aii4* slaoo. toy.m ust show Mffr rafts of 
adaoritioa c»d desorption* "they art mom iik a ly  to  adsorl* 
ty v&a tor sawls t o s  ty . o&miaorpiire pro +x,mm* ”. \
ardor to od tain. Wight
aaaas&ry ;to sxp.ilt1s0 .st
gifts may test to mi in feot& *f&y©# . &xsd also flat
©ufeatasa©# satarally pr®m®% in tlse solatics is^ y is© is&tmd 
la  bah&r©. Is .tlit 4 © $ 1 ? $ 4  n r & y * . ; ■. ;  ..
'■ * iX^  mpmt: of imaging tut ro ;uirod ©ff©jt©*M«
III# Jsio&i ' reasos. . fo r  t&d l& iise^ss* fcoife, dosirafeir
mi, m&sslm'bl® t aMaB tfe© ©piiratlrig © o ra itlc s r so&otims ■.
Mm os' tlit .upp-sarom© -of iHr dapo4itf . • fMm f&ot©rs,,lik®': 
tompsr&tsrtf ; |li|: i s !  &tirrt©£ may iMiwmtlj
Isamus© m- bAghMmm f^ tiit deposit fey.-..
mfficiti^i. tillsir tlit vJCt-st .-or t&§ r&tos of tfe© Msotptios
pr©3£ss<&$* •■ • : y . .,. -; :
Per UBxiyX©t os isgruxoa Is tLa o.craUsj 
tes ter* tax* la  almost'o©rt&l& I© ' imv^%m %M M t© s 'o f "th* - 
pm^mm o f u&sorpiios I f  &®Matis^g' tft© rtta liam ifif o f t i t  
mm&s&ty a* l i t  MU ©a &a©r&i©$* ' i t  iM  s^© iiiaay- 
p o la x i it l io s  w i l l ' I tM  ' W daom&e©* ■ ni&©# tlo  is  >/©&©©: is  
ttmpspatm^w ©n«rsyi otter C m  #X^vHi*i3 l^ miexgjrp ■
fo r tM  proao**^*# : f f t  - is  frotatl©.; th a t ' ;
i$ t o ' | l i# a tn t t ifm t i§ s  n s c r^ ia s ^ f ,
.. i s  nurrtisf iMmitj frtc&tittijr. a&tuse
i s  . t i t  ferlgfetBOsa. ©f tlx© ddpoait* ■ ..Bor© stais*
Hat off©at is  f r o ie l i f  :tlxs i^ltmt %iim% of shso^irj . 
t i t  a isarfUos. proa©*©**# . lo t  osly dots fe$ ©Mi&© in 
tBs aurra&t &t£mt %m aspply ©t ios© ie  3 thod©# . . 
feat. i t  w i l l  aM o-M ai t o & t f f o t  tvs s&pply o f & M itio a  ■
'% ft#*
agent* . t o s  altarlag the. adsorption simllfferium* ; 
i&tsrnailrsly.p tm -m tfm t  may -'fee to the ..inare&aed. :;, ;
-smpplji^g :m m  em tgy &MI'thua assisting the .■ ;. ■ 
aft&lwe&t .of t&t estivation  -tmargias of-the aiserpfioii . 
processes* an immediate iafere&ee of tMa i s # that- -there 
w ill toad to fee an optlcm  eurre&t density rmg® for .■
brightening* un4 tk ls has fetes fount' to fee the ease, 
for the bright deposits from arlnoasetle &el&*
r, a,. ,::;-.v‘ ,fia§ effesb .of ill I s  .also likely-to.fee iodireat#- , - '}
fbO: sold ity  of - the M lk  ©f:the solution w ill a ffeet -.th® pH . 
©f.;the ^at&ed®.layer* ant th is la  tmrm w ill a ffeet the■ 
stability-.of any rsjjairt pr-es-eat la.the solution* {especially  
i f  .-.that fuajpnt -ia.a©il©id&lf©r-.a aw^ltx io n )' *hlsh sight ; 
ot3aerwis«;.he. adeorfeei# , ito s in  mlakoi platingf . i t  Is - 
m  estahlisha-i-.-fast that- the - otolutloa ©f hydrogen ralsts  
the pl-of-the -sat hod© layer, and■ ©necur&ges.the formation 
of .eolioidal hi(CB)* whish is  adsorbed cm the ©ath&de* - 
tfhereia also orldeaae. iiu t pli may. directly o ffset the' 
adsorption ©f other sufes’U&ses, mist is. tills  re;spent* 
©opposition ■&*& .eenoentr&iion may also play a part# ■ An 
iadireot-.plo-j -of eridens* may lit addueed.as to-the o ffset 1 
of' -pa, .fro© tlit faet-.that"very:few ©ommerslal'plating- 
solutions: are not! safely. aaidi© ,:. (and the., few that a rt . ' 
OToito hydrogen* thms ,&©areasing the pE of the a&thods 
layer)* ■ ; . flms l t  prcfe-fele that the of feet o f.p l
Is indirect, and ■Affyatafch* at Ability; of the adsorbed ■ 
■reagents#.-
. ... f l a t  $ttm%  of stirring' i s  likely  to either' •
.&■ direst one & t ' t u^ supply & t depositing ion*
■©r ■ addition w ^^it to 'the a~t*i©d«# or "'an''indirect offeat
of im m m lu *  |fi ©£ tu* .o&thode "; ': Er?; . " “
* . *liy# t&a *«ju*r£tiva .theory 1* :also  aap&fel© 
of explaining ■ the f u l  that#i& a few. eases,' pol&rlsutloa 
'deere&see with iaare&alag brightness■ of the deposit* 'thus 
iShreir ai i jsa feh' { }' hate' atom' that'in’mail' eopper aul*hita 
solutions* thiourea"has’' the'' offset" of brightening' the' deposit 
while*' at 'the time decreasing t a polarisation#'
Shio may'be explained by assuming fcu.*t the hydrc>a~io&s ' 
present art adsorbed,' and t! wn the ; tMenrtm'moltcimia^  ":; 
d isp lay  thes# M m /.and. ;tho fu^ullibrlw rates, "of adsorption 
iM  ff^orptioa_ for Hi# thimrea ..are. more .f&veurafele. to , the 
jUvJu i lion of ..bright., deposits, ,,tM &m?e the ..polar is  lion  
la  decreased,. sine# the. asii.mtioi* energies., required., ere
d&ngiueiona* ' , r ' ■ ' "  ■ ' '  4 " " :
. ..’ 1 * rr r» a oc^idoratien of the experimental 
peimiie reported, It as..that th® mechanism of . '
elostrG^opoHtien and. ita^'attonl^nt.'ijolarisatioa phenoaseiia, 
aai the' proAaetloa ©f "bright. depo-its of siiTer>from'"'" v 
. 'mn-eysnid#'aoiutioi^, af® moat .fa lly  explained by the ; ' 
adsorption theory*"
I# fht adsorption theory provides a mre csOBplete
explanation.of the observed phenomena than does either the
30%l^x 1« # m  ti i s' '
. i#  3.1ispi© n i l tm  *itx*fce soiiiiicms g im  fears#
daps&ita fesaatm ■ tker.e is  $©&@ ©©ffipo&ent of th# aolutloaa 
(profeafely li|ir©gtti t&m) wM.fli is  aiaro&gly&daerfeei ©&. ■ 
©srt&ia. ^ria- of t-e  ©&t&odef..&ad .t&eref©ref I f  position ia 
fytftmtii: on t&o&e parts.*
• " 4 # flm protest*** of..ferl^t d#posits ";&pp©a?a to 
It ilit profelosa of attali ir* ,nj»i mimtal&i%* aa appropriate 
Mgti s^ulli'ferium m lt  of adaorptioB. &ad deeprpti©&* o f  ©aa 
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